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STUDIES ON THE LIFE HISTORY OF THE CLUB ROOT ORGANISM, 
PLASMODIOPHORA BRASSICAE! 


By G. W. AYERS? 


Abstract 


In the present studies on Plasmodiophora Brassicae Wor., attention was 
focussed principally on the development of the zoosporangium and the formation 
and discharge of the zoospores. 

Resting spores, released from thoroughly clubbed tissue by the action of 
bacteria and fungi, germinated well in tap water at room temperature in 1 to 
10 days. Germination was hastened by exposure to frost. 

The zoospores from the resting spores are biflagellate and heterokont, and vary 
in size. When such a zoospore comes in contact with root hairs or epidermal 
root cells of cruciferous seedlings, it settles down as an amoeba and penetrates 
the cell wall to form a young thallus within the host cell. The thallus may or 
may not become considerably enlarged before the protoplasm undergoes cleavage 
and an irregular cluster of zoosporangia is formed. Each zoosporangium con- 
tains four to eight zoospores, which, at maturity, are discharged from the root 
hair if free moisture is present; otherwise the fungal protoplasm disintegrates. 
At ordinary field temperatures, from four to six days are required from infection 
of the host to the discharge of zoospores from the zoosporangium. Discharge 
takes place through small openings at the point of contact of the zoosporangia 
with the cell wall of the root hair. These zoospores when discharged are not 
more than one-half the average diameter of the zoospores from germinating 
resting spores. : 

Controlled temperature studies have shown that temperatures most favour- 
able for the growth of the host are also most favourable for infection. The 
optimum temperature for infection was about 70° F., the minimum between 54° 
and 57°F., and the maximum above 92°F. Only two to two and one-half 
days were needed for the process. 


Introduction 


The object of the present studies was to gain a more comprehensive under- 
standing of the life history of the club root organism, Plasmodiophora Brassicae 
Wor. Club root of crucifers is a disease of great economic importance and 
the pathogen has been extensively studied since its discovery was reported 
by Woronin (7) in 1878. Recently, after the studies reported in this paper 
were concluded, the literature was critically reviewed by Karling (2) in his 
book on the Plasmodiophorales. It should be noted, however, that control 
of the disease has never been very effective, possibly because attention has 


1 Manuscript received February 4, 1944. 
Contribution No. 770, Division of Botany and Plant Pathology, Science Service, Depart- 
ment of Agriculture, Ottawa, Canada. 
2 Junior Plant Pathologist, Dominion Laboratory of Plant Pathology, Charlottetown, 
P.E.I., now on Active Service. 
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been limited almost entirely to the resting stages of the pathogen. It was 
only in 1930 that Cook and Schwartz (1) discovered the zoosporangial stage 
and little information concerning it is yet available. Accordingly, in the 
present studies, particular attention has been given to the development of 
the zoosporangia and the formation of the zoospores in, and their discharge 
from, the zoosporangium. The paper constitutes a progress report of work 
carried out at Ottawa under the direction of Dr. G. A. Ledingham, National 
Research Council, from February to May, 1940, and continued at Charlotte- 
town during 1940, 1941, and part of 1942. 


Spore Germination 


Studies on spore germination have given variable results. It was found 
that when spores of P. Brassicae were placed in tap water at room temperature, 
germination would take place in from 1 to 10 days, depending on the maturity 


of the spores. The best spores from the standpoint of maturation and even- ~ 


tual freedom from contamination were obtained from tissue that had been 
thoroughly permeated by P. Brassicae and subsequently invaded by bacteria 
and fungi. The secondary organisms break down any remaining ferment- 
able host material and release the spores, which are washed into the soil by 
successive rains. A relatively pure culture of spores can be obtained by 
macerating such material in water. The spores become suspended, later 
settling out and appearing as a fine white precipitate. Successive washings 
with tap water are effective in ridding the spore culture of extraneous material 
and bacteria. Such relatively pure spore cultures may be obtained in the 
fall or spring season from soil infested with club root. Good germination 
was obtained in five days when clubbed material that had not been exposed 
to frost was used. Similar material left in the field all winter gave good 
germination in two days. From these studies it is apparent that frost is not 
necessary to mature the spores. Doubtless heavily contaminated soil must 
at all times contain many spores capable of almost immediate germination 
in the presence of free moisture. 

The zoospores appearing in cultures of germinating resting spores are 
biflagellate and heterokont, i.e. they possess two flagella, one flagellum being 
long and the other short. Although the actual emergence of zoospores from 
the resting spores was not observed, cultures appeared unusually free from 
any contamination and therefore it may be safely assumed that the zoospores 
originated from the resting spores. 

The presence of flagella was demonstrated by first fixing the chosen material 
in osmic acid and then staining it in a combination of basic fuchsin and crystal 
violet, following the technique used by Ledingham (4). The procedure was 
carried out to the best advantage in a hanging drop. The preparations were 
examined and the accompanying photographs (Figs. 1 to 21) taken under an 
oil immersion objective. 
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The Zoosporangium 


The zoospores from the resting spores infect the root hairs and epidermal 
root cells of cruciferous plants. Each zoospore that gains entrance to the 
cell develops into a multinucleate thallus, which later forms a zoosporangial 
cluster. The contents of the sporangia in turn divide, each zoosporangium 
producing from four to eight zoospores. ° These zoospores constitute the second 
motile phase in the life history of Plasmodiophora Brassicae. Little is known 
of their function. From the time infection takes place until the zoospores 
are finally discharged from the zoosporangium, two to eight days elapse, 
depending upon conditions of moisture and temperature. 


The various steps in the development of P. Brassicae from the germination 
of the resting spores to the discharge of the zoospores from the zoosporangium 
have been briefly recorded above. It is now proposed to describe these steps 
in greater detail. The resting spores from broken-down clubbed tissue 
measure 2.8 to 3.8 w in diameter (Fig. 1). The mature spores germinate 
in the presence of free moisture to form zoospores (Figs. 2 to 5). It has been 
observed repeatedly in many slide preparations that the zoospores vary con- 
siderably in size, being 2.8 to 5.9 uw in diameter. The smallest spores were 
as small as the resting spores, but the majority were intermediate to mode- 
rately large reaching the dimensions recorded above. This variation in size 
would indicate that growth of the zoospores takes place after their emergence 
from the resting spores. At no time was fusion of the zoospores observed. 
When the zoospores come, after a time, in contact with the root hairs and 
epidermal root cells of cruciferous seedlings, they settle down and become 
amoeboid. The individual amoeba penetrates the cell wall of the host to 
form a young thallus inside the cell. One or more infections may take place 
in a single root hair. When multiple infection occurs, the separate thalli 
have never shown any tendency to fuse with one another. In experiments 
where the environmental conditions were controlled, it has been found that 
root hairs of seedlings will become infected if they are exposed to free moisture 
for a period of not more than one to two hours. For a short time after infec- 
tion, the young thallus is attached to the root hair at the point of penetration 
(Fig. 6). Later, it appears to lie freely within the host cell and may occupy 
finally as much as 60% of the cell volume. The thallus may or may not 
become greatly enlarged before cleavage of the protoplasm takes place to 
form zoosporangia (Figs. 7 to 14). Very small thalli form a few sporangia, 
which may be counted, but large thalli are transformed into a great many 
zoosporangia, which are arranged in-compact irregular aggregations. Under 
adverse conditions the protoplasm of a thallus has been observed to disinte- 
grate, but the formation of resting spores has never been seen to follow the 
failure of zoosporangial development. 

Shortly after the zoosporangia are formed four to eight zoospores are evident 
in each zoosporangium (Figs. 15, 17, and 18). Three times while this problem 
was being investigated at the National Research Council, Ottawa, zoospores 
were observed escaping from the zoosporangia. At maturity, the zoosporangia 
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appear to become attached to the cell wall and openings develop at the point 
of attachment (Fig. 19). The zoospores must escape to the exterior through 
these openings in the cell wall. Their discharge into the root hair has never 
been observed nor have zoospores been found within the root hair. Under 
moist conditions the zoospores are completely discharged (Fig. 22). Occasion- 
ally they are found settled down on the outside of the root hair containing 
the zoosporangia from which they have been discharged. The single photo- 
graphs of the zoospores (Figs. 24 to 27) were secured from seedlings showing 
mature zoosporangia in the root hairs. The roots of the seedlings were placed 
in tap water and zoospore discharge took place in a short time. At discharge 
the zoospores are uniform in size and quite small being 1.9 to 2.3 uw in diameter. 
They are also biflagellate and heterokont and, except for their small size, are 
indistinguishable from the zoospores arising from the resting spores. While 
the measurements reported in the paper were made with an ordinary fixed 
ocular micrometer and are thus rather coarse, the zoospores from the zoospor- 
angium were not more than one-half the diameter of those from the resting 
spores. The smaller size of the zoospores from the zoosporangium in Plasm- 
odiophora Brassicae has already been noted by Cook and Schwartz (1). On 
the other hand, in Spongospora subterranea and Polymyxa graminis respect- 
ively, Ledingham (5, 6) found that the zoospores from the zoosporangia are 
similar to those from the germinating spore balls in size, shape, and flagell- 
ation. Whether or not the zoospores increase in size after discharge has not 
been determined; nor is anything known of their subsequent role. 


The presence of a second and shorter flagellum on the zoospore arising from 
the resting spores of P. Brassicae was first demonstrated by Ledingham (4), 
who had already noted the biflagellate nature of the zoospores in Polymyxa 
graminis (3). Their presence was confirmed during the course of this investi- 
gation as was the presence of similar flagella on the zoospores from the 
zoosporangia. At the time when these zoospores were first observed, only a 
few zoospores were encountered and the presence of a second flagellum was 
not determined. However, large numbers of zoospores were obtained in the 
winter of 1942 and the occurrence of a second and smaller flagellum was quite 
evident. The biflagellate nature of the zoospores from the zoosporangium in 
P. Brassicae has not been recorded previously. 


FIELD STUDIES ON THE DEVELOPMENT OF THE ZOOSPORANGIUM 


In 1940, an attempt was made to correlate infection and development and 
maturity of zoosporangia and zoospores of Plasmodiophora Brassicae with 
the environmental conditions prevailing in the field. An examination of 
daily collections of roots of seedlings taken from an infested area during the 
summer revealed that the incubation period in the root hairs was from four 
to six days at ordinary temperatures of 62° to 70° F. prevailing at Charlotte- 
town. If free moisture is present at the end of the incubation period, the 
zoospores are discharged; otherwise the protoplasm in the zoosporangia 
disintegrates. 
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PLaTE I 


All illustrations are photomicrographs taken at a magnification of 1000X. 


Fic. 1. Resting spores from clubbed tissue. Fics. 2 10 5. Biflagellate zoospores from 


resting spores (first motile phase). Fic. 6. Young thallus in root hair. Fics. 7 


Developing thalli. Fics. 10 to 14. Stages in the formation of zoosporangia. 
Mature coosporangia. 
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All illustrations are photomicrographs taken at a magnification of 1000X except Fig. 16 
(100 ) and Figs. 17 and 18 (1520X ). 


Fic. 16. Turnip root with root hairs showing heavy zoosporangial infection. Fics. 17, 
18. £nlarged zoosporangia showing zoospores. FiG. 19. Zoosporangtal cluster showing 
breaks in root hair wall; probably soospore escape exit. Fics. 20 To 22. Zoosporangial 
clusters showing partial to complete discharge of soospores. F1G. 23. Discharged zoospores 
that have remained about the root hair (second motile phase). Fics. 24 10 27. Discharged 
soospores showing btflagellation as in the first motile phase. 
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Daily collections were also made during the summer of 1941, but owing to 
very frequent infections resulting from abundant free moisture, the various 
stages of development overlapped, and it was impossible to establish accur- 
ately the end points of the incubation periods. In order to gain accurate 
information on the effect of the environment in the development of the 
zoosporangium, a series of experiments was carried out under controlled 
conditions. 


CONTROLLED EXPERIMENTS ON THE DEVELOPMENT OF THE ZOOSPORANGIUM 


During the winter of 1942, two constant temperature chambers were 
constructed at the Charlottetown laboratory and experiments were con- 
ducted to determine the temperature and moisture range over which infection 
takes place and the time necessary for development and maturation of 
zoosporangia and zoospores over this range. The chambers were placed in 
one section of the greenhouse, which was kept cool. The required temperatures 
were maintained by light bulbs connected to thermostats. One thermostat 
was constructed at the laboratory and the other was a De Kotinsky thermo- 
regulator. Reasonably satisfactory temperature control was maintained and 
considerable data have been secured on the degree of infection and the incuba- 
tion period of the fungus depending on the temperature and soil moisture. 
All tests were carried out in 4-in. pots using seed of Ditmars swede turnip. 
The seedlings were grown in a section of the greenhouse where the temperature 
was about 80° F. The seedlings were at the three leaf stage at the beginning 
of each experiment. The soil was heavily contaminated with the club 
root organism. Six pots were placed in the chamber 24 hr. before the experi- 
ment began, then two pots were heavily watered and the drainage sealed 
for 12 hr. to maintain free moisture, two others were heavily watered but left 
unsealed and two were held as checks. The checks received only sufficient 
moisture to maintain growth. The maturity of the zoosporangia was deter- 
mined by placing infected roots of seedlings, at intervals, in water; discharge 
of the zoospores was considered the end point of the incubation period. The 
degree of infection was recorded as nil to very heavy, depending on the per- 
centage of root hairs infected. 


The check pots in all these experiments were examined at the same time 
as the test pots. Although a very slight infection was sometimes observed, 
it was so slight that it could be recorded as nil. The results are summarized 
in Table I. 


The data presented in Table I indicate that the lower temperature limit 
for infection by P. Brassicae is between 54° and 57°F. Infection was nil 
at 53° to 55°F. and slight at 56° to 58°F. The upper limit of infection was 
not definitely established, the degree of infection being slight to moderate 
at 90° to 92° F. where free moisture was maintained for a 12 hr. period. The 
degree of infection seems to be dependent on the presence of susceptible host 
tissue and the most susceptible tissue is in the region where the new root hairs 
are being formed. At 56° to 58° F. seedling growth was slow and only a few 
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TABLE I 


THE EFFECT OF TEMPERATURE AND SOIL MOISTURE ON INFECTION AND THE 
DEVELOPMENT AND MATURATION OF THE ZOOSPORANGIUM OF 
Plasmodiophora Brassicae IN THE ROOT HAIRS OF SWEDE 
TURNIP SEEDLINGS 


re Degree of infection 
Temp., °F. een an Free moisture Free moisture 
hairs, maintained not 
— 12 hr. maintained 
53 - 55 oa Nil Nil 
56 - 58 8 Slight Slight 
58 — 60 8 Moderate Slight 
62 — 64 7 Moderate Slight 
66 — 68 5 Heavy Moderate 
69 - 71 4 Very heavy Moderate 
75 77 3 3} Heavy Heavy 
81 - 83 24-3 Heavy Heavy 
84 — 86 23-3 Moderate to heavy Nil 
90 - 92 2 - 23 Slight to moderate Nil 


root hairs near the root tips became infected. Prolonging the infection period 
did not change the degree of infection. At 69° to 71° F. conditions were 
optimum for root growth with the result that root hairs were infected in con- 
siderable numbers. The infected hairs were grouped somewhat farther back 
from the root tip than under less favourable conditions due to rapid growth 
of new root tissue between the beginning of the experiment and the time of 
observation. When the infection period was lengthened by plugging the 
pots, a greater linear length of the root became infected. At 81° to 85° F. 
infection was confined to hairs adjacent to the root tip. Very little root 
growth took place at this temperature during the incubation period. It 
should be noted that the incubation period was progressively shortened with 
increase of temperature, although conditions became less favourable for 
infection at the higher temperatures. 

Under controlled conditions of temperature and moisture, it is now possible 
to forecast fairly accurately the close of the incubation period, the time at 
which the zoospores are mature in the zoosporangium and, in the presence of 
free moisture, the time at which they will be discharged from the zoosporan- 
gium. Such a forecast is most accurate under optimum temperature con- 
ditions. The present studies have been confined to the behaviour of P. 
Brassicae in the root hairs of the swede turnip. Other cruciferous hosts 
should be examined by this technique. It may prove that some other host 
with a more branching type of root system will be more easily infected and 
produce zoospores in greater abundance. This technique also offers possi- 
bilities in determining the resistance between different varieties within a 
species. In fact, it may give some indication of the nature of resistance to 
this disease and the relative importance of the zoosporangial stage in the 
life history of P. Brassicae. 
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STUDIES ON THE METABOLISM OF CEREAL GRAINS 


III. THE INFLUENCE OF ATMOSPHERIC HUMIDITY AND 
MOULD INFECTION ON THE CARBON DIOXIDE 
OUTPUT OF WHEAT! 


By LEACH? 


Abstract 


Under the experimental procedure used in these researches it was found that 
wheat, when kept at 25°C. in atmospheres of relative humidities between 
approximately 92 and 100%, showed a continuously accelerating rate of carbon 
dioxide output. This acceleration of rate increased as the relative humidity 
of the surrounding air was increased and was more pronounced in wheat from 
which the germs had been removed than in undamaged wheat. Where unlimited 
absorption of water and germination of the wheat are prevented, the carbon 
dioxide production by the grain is due almost entirely to the respiration of 
micro-organisms that infect it. 


Introduction 


A well known property of wheat is the comparative rapidity with which it 
attains a state of equilibrium, in respect of its moisture content, with the 
relative humidity of the surrounding atmosphere. This property has been 
discussed at some length by Stockham (12) and data published by Coleman 
and Fellows in 1925 (3) and by Gane in 1941 (5) have demonstrated the definite 
relationship existing between moisture content of grain and atmospheric 
humidity. 

This property is important in two respects in connection with the ten- 
dency of the grain to heat in storage. In the first place a rise in relative 
humidity of the air immediately surrounding the grain is rapidly followed by 
a rise in the water content of the grain itself, and this, as demonstrated by 
the experimental data published in the second paper of this series (8) results 
in a corresponding rise in its respiratory activity. In the second place the 
converse is true because if the grain has a higher moisture content than the 
equilibrium value, which corresponds with the relative humidity of the sur- 
rounding air, its moisture content will tend to decrease as it gives up water 
to the air, which will undergo a consequent increase in relative humidity. 
This last fact would appear to be important in relation to the growth of micro- 
organisms, the spores of which are always present on normal samples of grain. 
In the course of these investigations trouble has from time to time been 
caused by the appearance of vigorous growths of mould mycelia on the 
experimental grain. In this connection a significant fact is that it has been 
shown, in a number of mould fungi, that their spores will germinate only 
when the relative humidity of the surrounding air is within certain definite 


1 Manuscript received February 18, 1944. 


. Contribution from the Department of Botany, University of Manitoba, Winnipeg, Man., 
with financial assistance from the National Research Council of Canada and from the University 
of Manitoba Research Committee. 
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limiting values (2). Experiments described in the previous papers of this 
series (7, 8) show that wheat has a definite respiratory activity, which increases 
as its water content is increased, and that the seat of this respiratory activity 
is largely in the living cells of the embryo. The water content of the grain 
will also determine the relative humidity of the air in its immediate vicinity. 
This relative humidity will in turn be the determining factor with regard to 
the germination of mould spores that may be present, so that if it rises 
sufficiently high a vigorous growth of fungus mycelium will tend to be pro- 
duced; this will add its respiratory energy to that of the grain itself and so 
tend to increase the heat production of the mass. A point to be remembered 
in this connection is that fungi in general have an extremely high respiration 
intensity as compared with most other members of the plant kingdom 
(11, pp. 29-30). 

The experiments described in this paper furnish some data concerning the 
production of carbon dioxide by grain and the associated micro-organisms 
that normally contaminate it, when the moisture content of the grain is raised 
to certain definite values in a sealed respiration chamber. 


Materials and Methods 


The wheat used in the present investigation was the 1941 sample of variety 
“Renown” used for the experiments described in the second paper of this 
series (8)*. The same experimental procedure was used except that as a 
very low output of carbon dioxide was being measured it was found desirable 
to increase the sensitivity of the apparatus by using around 30 grains in each 
run. The wheat was placed in the upper dish in the katharometer plant 
chamber, while a measured amount of distilled water, sufficient to raise the 
grain to approximately the desired moisture content, was added to the filter 
paper in the lower dish. The plant chamber was then sealed up, the apparatus 
placed in the 25° C. thermostat bath and after a two or three hour settling 
down period, carbon dioxide recording was begun. 


Experimental Results 


The weighed sets of about 30 grains of ‘‘Renown’’ wheat, with an initial 
moisture content of 10%, were allowed to take up various amounts of water 
entirely through the medium of the air in the plant chamber. At the end of 
each experimental run the grain was weighed and its final moisture content 
calculated. 


The results of the series of experiments are given in Table I and shown 
graphically in Fig. 1A. From these figures and curves it will be seen that in 
the experiments in which the final moisture content was below about 20% 
the respiration ratef increased only very slowly over an experimental period 


* See Fig. 1 in that paper. 
_ _ 1 Respiration rates throughout this paper are expressed as mg. of carbon dioxide per gram 
initial weight of grain per hour. 
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TABLE I 


CARBON DIOXIDE OUTPUT OF WHEAT UNDER CONDITIONS OF LIMITED WATER ABSORPTION. 
INITIAL MOISTURE CONTENT, 10% 


Expt. No. PMC, '% Time, hr. Resp’n rate 
169 17.8 34 0.007 
225 0.007 
265 0.011 
160 19.6 49 0.007 
73 0.008 
97 0.009 
133 0.012 
166 20.0 53 0.009 
77 0.011 
93 0.015 
158 21.2 44.5 0.008 
53.5 0.013 
65.5 0.017 
0.023 
165 23.7 37 . 0.018 
49 0.025 
61 0.040 
79 0.059 
152 26.0 23 0.009 
35 0.028 
47 0.035 
59 0.051 
65 0.060 


* F.M.C. = final moisture content. 


Note: Experiment 170 with final motsture content of 10% maintained an average respiration 
rate of 0.0025 mg. carbon dioxide per gram per hour over a period of 93 hr. 


of approximately 100 hr. On the other hand, when the final water content 
was in excess of 20% the respiration rate showed a marked increase in acceler- 
ation during the experimental period with each increase in final moisture 
content. 

This relation between carbon dioxide production and moisture content is 
brought out still more clearly in Fig. 2, Curve A. In the contruction of this 
curve the respiration rates of the grain at the end of 65 hr. in each experimental 
run were taken and plotted against the final moisture contents of the samples. 
In this connection it may be assumed that after 65 hr. the grain had attained 
approximately, as regards its moisture content, a state of equilibrium with 
the relative humidity of the air within the plant chamber. 


Respiration of Degermed Wheat 


In order to determine how much, if any, of the carbon dioxide output 
measured in the above experiments was due to the respiration of the wheat 
itself, a parallel series of experiments was carried out using grain from which 
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Fic. 1. The course of carbon dioxide production of (A) whole wheat and (B) degermed 


wheat under conditions of restricted water absorption. Final moisture contents of grain given 
for each curve. For further explanation see text. 


the embryos had previously been removed. This was done by operating on 
each of the kernels with an electrically driven dental drill immediately before 
they were weighed and placed in the katharometer plant chamber. In this 
way the main possible seat of metabolic activity of the wheat itself was 
eliminated leaving only the comparatively inactive endosperm tissue as a 
producer of respiratory carbon dioxide. 

The results of this second set of experiments are given in Table II and in 
Fig. 1B and Fig. 2, Curve B. 

If Figs. 1A and 1B, or better still the Curves A and B of Fig. 2, are com- 
pared, a rather significant fact becomes evident. The removal of the embryos 
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MOISTURE CONTENT, % 


content of whole wheat (Curve A ) and degermed wheat (Curve B). 
TABLE II 


ABSORPTION. INITIAL MOISTURE CONTENT, 10% 


Fic. 2. The relationship between the rate of carbon dioxide production and moisture 


CARBON DIOXIDE OUTPUT OF DEGERMED WHEAT UNDER CONDITIONS OF LIMITED WATER 


Expt. No. F.M.C.*, % Time, hr. Resp’n rate 
199 24.4 20.5 0.013 
30.5 0.019 
40.5 0.030 
50.5 0.048 
60.5 0.078 
191 23.9 31.5 0.015 
41.5 0.025 
31.5 0.034 
61.5 0.053 
66.5 0.061 
198 21.8 28.5 0.013 
38,5 0.022 
48.5 0.030 
58.5 0.039 
68.5 0.055 
203 18.5 40.5 0.011 
50.5 0.011 
60.5 0.013 
70.5 0.019 
80.5 0.029 


* F.M.C. = final moisture content. 


from the wheat kernels, contrary to what one might reasonably have expected, 
did not result in a lowering of the carbon dioxide production of the grain, 
instead it brought about a more rapid acceleration of respiration. 
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It was noted that in all the experiments described above, with both whole 
and degermed wheat, where the final moisture content of the grain was not 
lower than 19%, a distinct growth of fungus mycelium on the grain was 
visible to the naked eye when the plant chamber was opened for the final 
weighing. This mould growth was more abundant on grain of the higher 
moisture content than on that of lower final moisture content. A more 
detailed investigation of the fungi concerned is being contemplated but it 
may be here stated that the most prevalent forms so far encountered have 
been species of Penicillium, Aspergillus, and Fusarium, together with Clado- 
sporium herbarum, types of Alternaria tenuis, and various yeasts and Monilias. 

The results described above seem to establish the fact quite definitely, that 
the rise in carbon dioxide production by damp wheat (when the unrestricted 
water absorption by the grain, which is necessary as a preliminary to germin- 
ation, is prevented) is due, not to respiration of the grain itself, but to the 
respiration of infecting micro-organisms. Further, in these experiments, the 
infecting micro-organisms appear to be mainly fungi. These results thus 
confirm the same view put forward by Larmour, Clayton, and Wrenshall in 
1935 (6) and are also of interest in relation to similar findings described by 
Ramstad and Geddes (9) more recently with regard to stored soybeans. 

Significant facts having a bearing on the problem are furnished by the 
researches of workers in the field of mycology. It seems to have been estab- 
lished that an important determining factor for the germination of mould 
spores is not so much the amount of water in the nutritive substratum as the 
humidity of the surrounding atmosphere. It has further been shown that 
the germination of the spores of different species of fungi takes place between 
more or less definite limiting values of atmospheric relative humidity. These 
conclusions are the outcome of researches carried out by Galloway (4) in 
connection with the growth of mildews in textile materials and by other 
workers whose findings have been summarized more recently by Smith 
(10, pp. 263-271). ; 

With a view to examining more directly the effect of atmospheric moisture 
on the growth of moulds infecting grain, and the consequent production of 
carbon dioxide, a number of additional experiments were carried out. In 
these experiments the weighed 30 kernel samples of grain with an initial 
moisture content of 12.45% were placed as before in the upper dish in the 
katharometer plant chamber. In the lower dish were placed 2 cc. of a satur- 
ated solution of one of several salts selected to bring the relative humidity of 
the air in the plant chamber to certain predetermined values. Carbon dioxide 
output was then recorded as in previous experiments and at the end of each 
run the grain was again weighed to determine the amount of water absorbed. 

The salts used in these experiments together with the relative humidities 
presumably produced and the final moisture contents reached by the grain 


samples are given in Table III. The respiratory data so obtained are given 
in Table IV and Fig. 3. 
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TABLE III 


MOISTURE CONTENTS ATTAINED BY GRAIN KEPT IN ATMOSPHERES OF DIFFERENT RELATIVE 
HUMIDITIES CONTROLLED BY SALT SOLUTIONS 


pee Relative Final moisture 
Salt humidity, content of grain, 
oO. 
0 0 
208 NaClO,;* 75.9 14.1 
210 KBr* 84.0 16.9 
213 Na2CO3 90.7 20.0 
215 Na2SO,4 93.0 23.4 
209 CaSO, 98.0 27.8 


* The possibility of a toxic influence on the moulds by chlorine and bromine ions is realized, 
but in view of the data obtained with sodium carbonate, this, if present, does not affect the results 
described. In future work along these lines, such potentially harmful elements will be avoided. 


TABLE IV 


CHANGES IN THE RATE OF CARBON DIOXIDE OUTPUT (RESPIRATION RATE) OF SAMPLES OF GRAIN 
KEPT DURING EXPERIMENTAL PERIODS IN ATMOSPHERES OF DIFFERENT RELATIVE 
HUMIDITIES CONTROLLED BY SALT SOLUTIONS (SEE TABLE III). INITIAL 

MOISTURE CONTENT OF GRAIN, 12.45% , 


Expt. No. R.H.*, % FMC Time, hr. Resp’n rate 
208 75 14.1 —_ Too low for 
measurement 

210 84 16.9 120 0.0014 

213A 90.7 20.0 150 0.0031 

190 0.0039 

230 0.0042 

215 93.0 23:7 27 0.010 

| 0.014 

47 0.016 

57 0.020 

67 0.027 

77 0.030 

0.038 

209 98.0 27.8 17.5 0.013 

0.021 

0.029 

47.5 0.032 

0.046 

67.5 0.068 


* R.H. = relative humidity. 
** F.M.C. = final moisture content. 


From these results it appears evident that if the relative humidity of the 
atmosphere surrounding the grain is in the neighbourhood of 90.7%, mould 
growth is practically inhibited, whereas if it is raised to 93%, mould growth 
is able to proceed at a continuously accelerated rate with an accompanying 
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Fic. 3. Curves B and C, the course of carbon dioxide production of wheat in atmospheres 
of 98 and 93% relative humidity. Curve A, for explanation see text. 


steady rise in the rate of carbon dioxide production. Still higher relative 
humidity results in more active mould growth and more rapid rise in carbon 
dioxide output, as clearly illustrated by Curves B and C shown in Fig. 3. | 
The immediate dependence of this mould activity on relative humidity is 
clearly demonstrated by Experiments 213A and 213B. The data for Experi- 
ment 213A given in Table IV show that when the relative humidity of the 
surrounding air is maintained at 90.7%, a very low, slowly rising rate of 
carbon dioxide output results, namely from 0.0031 to 0.0042 mg. carbon 
dioxide per gram of grain per hour during an experimental period extending 
over 230 hr.; at the end of this period the grain showed a distinct growth 
of mould mycelium. Experiment 213B, the result of which is shown graphic- 
ally in Fig. 3, Curve A, indicates what happened when this same grain, at 
the end of Experiment 213A, was placed in an atmosphere of 100% relative 
humidity. In a period of time of approximately three hours the respiration 
rate had risen from 0.0042 to 0.021 mg. while after 32.5 hr. this rate had 
reached 0.081 mg. and was still rising rapidly. 


Discussion 


In the light of the information furnished by the results of the above- 
described experiments it will first of all be of interest to see how far the con- 
clusions suggested by way of explanation of experimental data published in 
Papers I and II of this series (7, 8), may be taken as valid. It was assumed 
in the above-mentioned papers that, as no visible growth of mould was 
present at the ends of the experiments described, the respiration measured 
was due to the metabolic activity of the wheat itself in process of germination. 
There would appear to be little reason to doubt the validity of this assumption 
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in the case of wheat germinating in contact with water. Under these con- 
ditions germination occurs so rapidly, attended by the extremely rapid rise in 
respiration rate shown by the experiments, that the growth of moulds has no 
time to develop to a stage that would appreciably affect the rate of carbon 
dioxide output. Further, in the course of these experiments it was repeatedly 
found that if mould mycelium did develop on the experimental grain, the 
infection was always accompanied by defective or arrested germination with 
an associated marked retardation of the rate of rise in carbon dioxide output 
during the experimental period. 


On the other hand, in the experiments in which the grain was allowed to 
absorb water entirely from a moisture saturated atmosphere, it now appears 
probable that a considerable part of the recorded carbon dioxide production 
was not due to the metabolism of the germinating wheat, but resulted from 
that of developing micro-organisms on the surface of the grain. This fact is 
clearly illustrated in Fig. 4, in which Curve A shows the rise in respiration rate 


CO: OUTPUT 


20 30 40 
TIME, HR. 


Fic. 4. For explanation seg text. 


of six grains of Renown wheat while absorbing water from a moisture saturated 
atmosphere at 25°C. (Experiment No. 131, see data given in Paper II of 
this series (8) ), while Curves B and C are for similar experiments from the 
same sample of wheat but with the germs removed as already described. 
Curve D, Fig. 4, was constructed by taking average respiration rate values 
for Curves B and C and subtracting them from corresponding values on 
Curve A. We may therefore take Curve D as indicating approximately the 
actual course of respiration of the grain itself as it absorbed water and under- 
went the physiological changes that accompanied germination. It should, 
however, be pointed out here that the respiration values shown by Curve D 
may well be too low. This is suggested by the above-mentioned fact that in 
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all experiments carried out with healthy grain where the final result was 
normal germination, whether the grain was in contact with water, or whether 
it was absorbing water from the surrounding moisture-saturated air, the growth 
of mould appeared to be either inhibited or greatly retarded. On the other 
hand, if for any reason the grain suffered from impaired viability, mould 
growth proceeded at a rapid rate throughout the experimental period. These 
observations are interesting in relation to the well-known tendency of grain 
damaged by frost and other agencies to heat in storage, as demonstrated by 
Birchard in 1919 (1). This effect of imperfections in the grain on the growth 
of moulds, while already clearly shown by Curves A and B in Fig. 2, is still 
further illustrated in Fig. 5. In constructing the curves given in this figure, 
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Fic. 5. For explanation see text. 


the tangents of the angles between the general trends of the curves at 65 hr., 
shown in Fig. 1, A and B, and the horizontal are plotted against the moisture 
content of the grain in each experiment. Curves A and B in Fig. 5 thus show 
the rates at which the carbon dioxide production of whole and degermed 
grain respectively is accelerating at different moisture contents. The acceler- 


ation in carbon dioxide production rate is seen to be very markedly greater 


in the degermed grain than in the whole grain. 

The experimental results here described thus make it clear that if a quantity 
of wheat is stored at a temperature within the limits favourable for growth 
of the various species of infecting fungi present on the grain, and under 
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conditions whereby the relative humidity of the air within the mass of grain 
is maintained at a value above approximately 92%, then carbon dioxide 
production immediately rises and continues to rise at a comparatively rapid 
rate. This carbon dioxide production is the result of the respiratory activity 
of the fungi present, and its general intensity and rate of acceleration increases 
as the relative humidity of the surrounding air is raised. When the relative 
humidity of the air within the grain mass was below 91% the rise in carbon 
dioxide production rate was either too minute to be recorded, or when recorded 
was extremely small. 

On the other hand, it has been observed that wheat with a moisture content 
of as low as 15%, when stored in a 4 ft. long glass tube open at one end, will, 
after a period of from two to three weeks, develop a growth of mould mycelium. 
Although as yet no experimental data have been obtained regarding the 
respiratory activity of the mycelium developed under such circumstances, the 
fact that grain having a moisture content of 15% will heat in storage suggests 
that in time conditions may arise that will bring about an acceleration of 
this respiratory activity. 

It thus appears evident that, under normal storage conditions, the quantity 
of carbon dioxide resulting from the respiration of the wheat itself, and con- 
sequently the amount of heat produced by this cause, is so small as to be 
negligible. It is only under conditions of unrestricted water supply that 
germination can take place and it is only when this happens that the respira- 
tion of the grain rises to a level at all comparable with that produced by the 
mould activity as described above. 


MoIsTURE CONTENT ESTIMATIONS 


In view of the importance, emphasized by Ramstad and Geddes (9) of 
specifying the method used in determining the moisture content of grain 
in researches of this type, it may be stated that the procedure outlined below 
was followed in these studies. 


Owing to the small size of the samples of grain used in many of the experi- 
ments it was decided that grinding was impracticable. The samples of whole 
grain were therefore weighed and dried in open weighing bottles in a hot air 
oven at 100° to 105° C. for 72 hr., after which they were cooled over calcium 
chloride in a desiccator for one hour before the final weighing. Constant 
weight was found to be reached after from 60 to 72 hr. in the oven as described 


above. 
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OBSERVATIONS ON PHLOEM NECROSIS OF POTATO TUBERS! 


By G. B. SANFORD? AND J. G. GRIMBLE® 


Abstract 

The results of field tests with random lots of potato tubers showing phloem 
necrosis of similar type are summarized. The vines from tubers of five of these 
developed typical leaf-roll symptoms, but those of three others showed no sign 
of leaf roll, or other symptoms that suggested a virus as the causal agent.. The 
net necrosis in one of the latter samples was known to result from vine infestation 
of Paratrioza cockerelli Sulc., and in this case the stock returned to full vigour 
during the second season. It was further confirmed that once the vines show 
definite symptoms of leaf roll, the phloem elements of their tubers henceforth do 
not exhibit necrosis. 

The tissue contiguous to the necrotic phloem elements in the affected tubers 
was uniformly fluorescent, but the unaffected portion of such tubers, as well as 
non-necrotic tubers from positive leaf-roll plants, reacted negatively to ultra- 
violet light. 

Introduction 


The unexpected appearance of net necrosis in potato tubers on plants from 
certified seed stock is fairly common under field conditions in Alberta, and 
seems to be on the increase. Indeed, this potato tuber phloem necrosis, and 
also stem-end browning, due to unknown causes, is one of the most difficult 
problems with which the field inspectors of certified seed potatoes have to 
contend. Asa result of the problem mentioned, this laboratory has received 
for diagnosis a large number of specimens. In testing these under field 
conditions, it soon appeared that while the familiar type of phloem necrosis 
(Fig. 1), as characterized by a light brown to dark brown, net-like pattern in 
tubers of apparently healthy plants, was associated with primary infection 
by the leaf-roll virus, certain other apparently non-virus factors could also 
initiate it. 

Field observations on some of the various samples will be presented briefly 
with related detail. 

Experimental Results 
Lot A 
Tubers of this lot, grown at Edmonton in 1935 from apparently healthy 
stock, had very severe phloem necrosis when dug. The necrosis was not 
attributable to low temperature. 

In 1936, seed pieces for 50 hills were cut from 20 representative tubers. 
The vines of the resulting plants were normal, vigorous, and free from leaf 
roll. The yield was heavy, and the tubers healthy. This lot was discarded 
without further testing. Evidently the necrosis was not a result of infection 
by the leaf-roll virus. 


1 Manuscript received December 9, 1943. 
Contribution No. 760, Division of Botany and Plant Pathology, Science Service, Depart- 
ment of Agriculture, Ottawa. 
2 Pathologist-in-Charge, Dominion Laboratory of Plant Pathology, Edmonton, Alta. 
3 Agricultural Assistant, Dominion Laboratory of Plant Pathology. 
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Fic. 1. Typical leaf-roll phloem necrosis in 
fotato tuber. Left, a cross section where stolon was 
attached. Right, a longitudinal section. 
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Lot B 


This lot, Vick’s Extra Early, was from certified stock grown at Edmonton 
in 1937. Approximately 10% of the tubers, from the apparently healthy 
vines, exhibited net necrosis when harvested. Most of this defect was in the 
stem-end half of the tuber. Data were not obtained regarding its further 
development during the winter storage period. In 1938, 40 hills were planted 
from 40 affected tubers. The vines of each hill showed severe leaf roll by 
mid-season, but none of the tubers had net necrosis. During each of the 
next four seasons that this lot was propagated, the vines became more severely 
affected, but the tubers were always free from net necrosis. It was concluded 
that the original net necrosis was a symptom of primary infection by the 
leaf-roll virus. 


This lot, Netted Gem, was obtained from a garden at Calgary in 1940. 
Approximately 20% of the tubers had typical phloem necrosis as associated 
with primary infection by the leaf-roll virus—that is to say, severe necrosis 
at the stem end, usually becoming much less severe and often absent toward 
the distal half of the tuber. Periodic clipping of the tubers in the lot revealed 
that the necrosis had increased somewhat during winter. In 1941, 50 hills 
were planted with affected sets from 50 tubers. The resulting vines had 
severe leaf roll, but the tubers had no net necrosis. The lot was propagated 
again in 1942, with essentially the same results. 


Lot D 


This lot was from a carload of Netted Gems grown at Cloverdale, B.C., 
1940. About 30% of the tubers had net necrosis, which varied from slight 
to moderately severe. In 1941, 45 affected sets were cut from 45 of the 
necrotic tubers and planted along with an equal number of controls. The 
vines from all the affected sets developed severe leaf roll, but the tubers were 
not necrotic. <A similar test of the progeny in 1942 gave the same results. 
In both years necrosis developed in some of the control hills, which, presum- 
ably, resulted from primary infection from adjacent rows of leaf-roll plants. 


Lot E 


This lot, Columbia Russet variety, was grown at Norquay, Sask., in 1941, 
in a field that passed field inspection and was apparently free from leaf roll. 
This variety is susceptible to leaf roll. At least 60% of the tubers had more 
or less severe net necrosis when they were dug. The general type of necrosis 
was indistinguishable from that in Lots A, B, C,D,andG. The vine growth, 
which was very rank, was frozen down during the latter part of August. 
Otherwise there was no clue as to the possible cause of the defect. Forty-five 
moderately affected sets from 45 tubers were planted in 1942 along with 
control rows. The results are given in Table II, Row 4. As the vines were 
healthy, it was concluded that the tuber necrosis of 1941 was not the result of 
primary infection by the leaf-roll virus. 
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Lot F 


Lot F, which was certified Netted Gem, was obtained from a Calgary 
garden in 1939. This garden plot was located near a commercial greenhouse 
in which there was a crop of tomatoes known to be heavily infested with 
Paratrioza cockerelli Sulc., commonly known as the tomato psyllid. About 
mid-August, when both nymphs and adult flies were observed on the vines of 
potatoes in this and other gardens in the vicinity of the infested greenhouse, 
the terminal shoots of affected plants became stunted and developed purplish 
pigments. The phloem elements of the stems, stolons, and tubers rather 
suddenly became strongly necrotic, and resembled in many ways the condi- 


tion described for purple dwarf (3). The type of tuber phloem necrosis 
produced, although similar and often indistinguishable from that caused by 


the leaf-roll virus, is usually more sharply defined and affects the phloem 
elements throughout the tuber*. 

For observation, five replicate plots, located at widely separated points in 
Alberta, were planted with 25 sets cut from 25 moderately affected tubers. 
The control consisted of an equal number of sets from healthy Netted Gem 
tubers. Seed pieces from the affected tubers produced weak, thin sprouts, 
and at first weak plants, but as the season advanced, the plants became more 
and more normal. No leaf-roll symptoms developed on the foliage and the 
harvested tubers were quite normal. Representative tubers from each of 
these rows were again stored and rows planted from them in the laboratory 
plot in 1941. The sprouts, plants, and tubers were normal, and the yield 
equal to that of the control row. That is to say, this stock, which became 
suddenly and severely affected with a tuber net necrosis and associated vine 
symptoms as a result of P. cockerelli feeding on the foliage, returned to normal 
health and vigour by the second season and thus ruled out the leaf-roll virus 
as a primary causal factor. (Refer to footnote below). 


Lot G 


This was a sample of certified Carter’s Early Favourite grown on the 
University Farm experimental plots in 1940 by J. W. Marritt, District In- 
spector, Plant Protection Division. The plants were apparently healthy 
throughout the season, but at harvest approximately 20% of the tubers had 
developed phloem necrosis, and by May, after storage, necrosis had increased 
considerably. In most tubers, the necrosis, which usually appeared first at 3 
the stem end, was confined to that half of the tuber. 2 


In May, 1941, the stem ends of the tubers of this lot were clipped and the 
tubers classified as apparently healthy, slightly necrotic, and severely necrotic. 
Then a set was cut from each of the 90 tubers in each group mentioned, and 
planted in adjacent rows in the field. The sets were cut at random from the 

* Unpublished experimental data, which have been secured during several years in a joint 
study of this problem by G. F. Manson, Dominion Entomological Laboratory, Lethbridge, Alta., 


and the senior author, show conclusively that the symptoms mentioned resulted from insects or 
nymphs, or both, of the tomato psyllid feeding on the potato vine. 
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tuber, without reference to whether or not the set had net necrosis. The 
results obtained are in Table I. 
TABLE I 


FIELD RESULTS SHOWING PERCENTAGE OF LEAF-ROLL PLANTS FROM TUBERS AFFECTED WITH 
SLIGHT OR SEVERE NET NECROSIS AND SELECTED AT RANDOM FROM AN AFFECTED LOT 


Sets % Plants Av. yield 
Row | Condition seed tuber honest per plant, 
Plantec | Matured | Leaf roll | Healthy* Ib. 
1 Apparently healthy 90 89 23.6 76.4 3.15 
Z Slight necrosis 90 89 64.0 36.0 1.88 
3 Severe necrosis 90 77 100.0 0 1.03 


* Apparently free from leaf roll. 


The results from the severely necrotic tubers in Row 3 were not unusual, 
as 14.4% of the sets did not produce plants, and the yield of those that did 
was very light. A few of the tubers under several apparently healthy plants 
in Rows 1 and 2 developed phloem necrosis, but none of the tubers from the 
plants having definite vine symptoms of leaf roll had it. The presence of 
23.6% leaf-roll plants in Row 1 suggests that some of the apparently normal 
tubers planted were from plants infected with the virus during the season of 
1940, but in which phloem necrosis had failed to develop (Table III, Row 7). 
But the occurrence of apparently healthy plants (36%) in Row 2, where the 
sets came from tubers slightly necrotic, is possibly the result of including some 
cases of stem-end browning or other vascular discoloration, or, perhaps, non- 
infected sets from only slightly virus-infected tubers. In the latter connec- 
tion Folsom et al. (1) state, ‘“The virus of leaf roll is usually as abundant in 
the eyes where there is no net necrosis as it is in those where net necrosis is 
present.’’ The results of our field experiments on this question, conducted 
in 1943, are wholly in line with their observation, and the data are given with 
necessary detail later in this report. 


The material used in 1942 was carefully selected from the 1941 leaf-roll 
plot. It consisted of necrotic tubers from apparently healthy plants, and 
non-necrotic tubers from leaf-roll plants, and necrotic tubers of Columbia 
Russet (Lot £), thought at that time to be infected by the leaf-roll virus. 
The material for the control was certified Carter’s Early Favourite. The 
results are summarized in Table II. 


With reference to Row 1, the planting of sets from necrotic tubers from 
healthy-looking plants again produced a high percentage of leaf-roll plants, 
and an occasional one with healthy foliage. However, only the tubers of 
those plants having normal foliage developed typical phloem necrosis of the 
tubers, while those borne by leaf-roll plants were necrosis-free. Again, the 
sets from non-necrotic tubers borne by leaf-roll plants in 1941 (Table II, 
Row 6), consistently produced vines with severe leaf roll, but necrosis-free 
tubers; these results agree with those from Table I, Row 3. 
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TABLE II 


FIELD PLOT RESULTS INDICATING THAT TUBER PHLOEM NECROSIS IS A SIGN OF 
INITIAL INFECTION OF HEALTHY PLANTS BY THE LEAF-ROLL VIRUS 


Plants producin 
Number of plants 
when plante | rom rom 
: Matured | Healthy | Leaf-roll | peatthy | leaf-roll 
vines vines 
vines vines 
1 |Necrotic from healthy (?) 
plants 45 5 40 1.1 0 
2  |Control* 45 45 0 0 
3 |Normal, from healthy plants 45 43 2 44.4 0 
4  |Necrotic** (Lot £) 45 45 0 4.4 0 
5 |Control* 45 45 0 0 
6 |Non-necrotic, from leaf-roll 
plants 45 0 45 0 0 


* Certified Carter’s Early Favourite. 
** Columbia Russet, certified stock, Norquay, Sask., 1941. 


The results from control Rows 2 and 5 (Table II) are of special interest, 
because one or more of the tubers under 23 of the 45 apparently healthy 
plants in each instance developed phloem necrosis. The explanation for this 
is that during the summer, aphids from the many leaf-roll plants in nearby 
Rows 1 and 6 also fed freely on the healthy control rows. In Row 3, only 
two of the 45 plants from apparently healthy stock, selected from the 1941 
experiments, developed leaf roll at harvest, but 20 of the 43 apparently 
healthy plants had tubers with necrotic phloem elements. It seems logical 
that this necrosis was also traceable to the aphids from the leaf-roll vines in 
Rows 1 and 6. 

The Columbia Russet stock in Row 4 was included in these tests because 
the phloem necrosis in the tubers was indistinguishable from that commonly 
associated with primary infection by the leaf-roll virus. However, as all the 
vines of the resulting plants were vigorous and apparently normal, and the 
yield high, the necrosis must have been a result not of the leaf-roll virus but 
of other obscure factors. The tubers of only two plants had developed phloem 
necrosis when dug, but when the bulked progeny was examined in the follow- 
ing April, 28.89 by weight had definite phloem necrosis. Apparently the 
plants or tubers of this variety reacted more slowly than those of Carter’s 
Early Favourite; this characteristic: among different varieties has been 
reported by Folsom et al. (1). 


The Ability of the Eyes from Non-necrotic Areas of Tubers Showing Leaf-roll 
Phloem Necrosis to Transmit Leaf Roll 

A field experiment was planned to confirm the statement of Folsom ef al. 

(1) that, ““The virus of leaf roll is usually as abundant in the eyes where there 

is no net necrosis as it is in those where net necrosis is present.’’ The results 

obtained are presented in Table III, for their bearing on other sections of 

this paper. 
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TABLE III 


THE RELATIVE ABILITY OF POTATO EYES FROM NECROTIC AND NON-NECROTIC AREAS 
OF AFFECTED TUBERS TO TRANSMIT LEAF-ROLL VIRUS 


i Intensity* of phloem necrosis in each of 5 sets** Leaf-roll symptoms 
1 2 3 4 5 on vines 

1 NX N SN Uniformly severe 

2 N, X SN SN Uniformly severe 

3 N, X SN Uniformly severe 

4 SN Uniformly severe 

5 N SN Uniformly severe 

7 ? Uniformly severe 

8 N N N — — Uniformly severe 

9 N SN Uniformly severe 
10 N N Uniformly severe 

Control (One set from each of 10 healthy tubers) Absent 
* SN", and indicate severe, slight, trace and no necrosis, respectively; and 


“X"", fatlure of sets to sprout. 
** Sets cut consecutively from stem- to distal-end of tuber. 


In May, 1943, 10 tubers were chosen at random from a lot of Carter’s Early 
Favourite, all of which showed some leaf-roll phloem necrosis at the stem end. 
The control units were from healthy stock of the same variety. Beginning 
at the stem end, five sets, each with one eye, were cut out at approximately 
equal distances in a spiral direction toward the proximal end of the affected 
tubers. Most of the sets from the stem end had severe necrosis. Some of the 
sets in the second series had as much phloem necrosis as certain ones in the 
first series, but others had only slight necrosis, and some none. Most of the 
sets in the third series, which were cut from half-way or slightly further up 
the tuber, had slight necrosis, but some had none. With one exception, the 
fourth and fifth sets, which were taken from near and at the extreme ® proximal 
end, respectively, showed no necrosis. 


Early in August all living plants from each of the five sets of each of the 
10 affected tubers mentioned developed definite foliage symptoms of leaf roll, 
and at mid-September, when the plots were harvested, these symptoms were 
uniformly severe. The tubers had no phloem necrosis. The vines of the 
plants in the control were apparently healthy. Thus, the results of this 
experiment not only confirm the conclusion of Folsom ef al., mentioned above, 
but also indicate that in many cases of primary vine infection with the leaf- 


_ roll virus, phloem necrosis in the tuber may not develop. 


Reaction of Affected Tubers to Ultra-Violet Light 


The reaction to ultra-violet light of a random sample of necrotic tubers 
from healthy plants, and of non-necrotic tubers from leaf-roll plants, and 
tubers from apparently healthy plants exposed to infection by the leaf-roll 
virus, as obtained from the various rows listed in Table II, was observed 
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during April, 1943. During the period of storage the temperature varied 
between 34° and 37° F. Cross sections of the tubers were examined with a 
Stroblite ultra-violet lamp fitted with an argon bulb. The results are listed 
in Table IV. In addition to the material mentioned, several tubers of the 
Netted Gem variety, each having phloem necrosis as produced by caging 
P. cockerelli on the vines of healthy plants, were kindly supplied for examina- 
tion by Mr. G. F. Manson, Dominion Entomological Laboratory, Lethbridge, 
Alta. The reaction of these tubers is included in Table IV, with his consent. 


TABLE IV 


THE REACTION TO ULTRA-VIOLET LIGHT OF POTATO TUBERS HAVING PHLOEM NECROSIS AND 
ALSO OF THOSE FROM LEAF-ROLL PLANTS, AND FROM HEALTHY PLANTS 
EXPOSED TO INFECTION BY THE LEAF-ROLL VIRUS 


Tubers Location of fluorescence 
Sample Origin, Number | Around | Random 
number Internal From Table II Variety of affected spots Entire 
condition plants - Rows tubers phloem in cortical 
elements, | tissue, area, 
% % % 
1 Non-necrotic | Leaf roll land 6 | Favourite* 25 0 0 0 
2 Non-necrotic Healthy ** 2 and 5 Favourite 25 0 28 0 
3 Necrotic ° | Healthy** 2and5 | Favourite 25 100 0 0 
4 Non-necrotic Healthy** 4 Russet ¢ 23 0 32 52 
5 Necrotic Healthy** 4 Russet 25 100 0 0 
6 Non-necrotic Control ft Favourite 25 0 ‘4 0 
7 Non-necrotic Control tt Russet 15 0 0 100 
8 Necrotic Infested . Netted Gem 4 100 
Paratrioza 
cockerelli 


* Carter's Early Favourite. 

** Apparently healthy plants, yet exposed to infection. 
Columbia Russet. 

tt Apparently healthy plants. 


According to the data in Table IV, the cut surfaces of all tubers showing 
general phloem necrosis, namely, Samples 3, 5, and 8, were definitely fluores- 
cent, the colour being deep blue in the three varieties mentioned. However, 
where a portion of an affected tuber was not’necrotic, which was not un- 
common, fluorescence did not extend beyond a narrow band contiguous to 
the necrotic portion. In fact it was not the necrotic strands but the tissue 
adjacent to them that was fluorescent. Thus, apparently this test cannot be 
used to indicate the presence of the leaf-roll virus if phloem necrosis is absent. 


In the non-necrotic tissue of certain samples, namely, 2, 4, and 6, occasional 
small local areas or spots were fluorescent. The percentage of tubers affected 
in each sample was 28, 32, and 4, respectively. The first two samples were 
from healthy plants exposed to infection by the leaf-roll virus, and the other 
one from supposedly healthy stock. Apparently these spots were absent in 
the non-necrotic tubers from plants visibly affected by leaf roll and in those 
of the control Sample 7. 
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Also, in the Columbia Russet variety, the entire cortical area reacted 
positively in all of the tubers in the healthy control Sample 7, and 52% of 
them in Sample 4, which came from vines exposed to infection by the leaf- 
roll virus. In all other samples the cortical area was not fluorescent. 


In addition to the three instances of fluorescence mentioned, all local areas 
infested by fungi reacted positively. 


Discussion 


The tuber phloem necrosis of Lots B, C, D, and G, which developed before 
harvest, signified initial infection by the leaf-roll virus, because definite leaf- 
roll symptoms developed on the vines the following season. The varieties 
Netted Gem (Russet Burbank), Vick’s Extra Early, and Carter’s Early 
Favourite reacted in essentially the same manner. According to the results 
obtained it seems that once definite leaf-roll symptoms show on the vines, the 
contents of the phloem elements of the tubers of the current and succeeding 
generations of plants are immune to leaf-roll net necrosis. These observations 
confirm the report by Folsom ef a/. (1) that tuber net necrosis, as associated 
with the leaf-roll virus, is a transitory symptom of primary infection of 
healthy plants and that under certain conditions this symptom in a susceptible 
variety may or may not develop. 

On the other hand, the observations concerning a similar and often in- 
distinguishable tuber phloem necrosis (as in Lots A, E, and F) of which the - 
leaf-roll virus was evidently not the cause, indicate that there are probably 
non-virus agents capable of initiating necrosis of the phloem elements. This 
necrosis was also transitory, but very different in that the affected seed pieces 
produced plants that had no leaf-roll symptoms and became quite normal 
again. In one of these instances, namely, Lot F, the necrosis resulted from 
P. cockerelli feeding on the vines during midsummer, but in neither of the 
other two cases was there any definite clue as to the cause; however, circum- 
stantial evidence indicated that the tomato psyllid was not responsible. The ~ 
possibility of other insects being instrumental is not ruled out. | 

The return to natural vigour of the affected plants of Lot F corresponds to 
what also occurs in the psyllid yellows disease of potatoes, first reported by 
Richards and Blood (2). However, no reference has been found in the litera- 
ture that tuber phloem necrosis is a symptom of that disease. They and 
others have postulated that the insect, in feeding on the vines, introduced a 
toxin that initiated the vine symptoms described. A similar hypothesis seems 
applicable in the case of Lot F, in which tuber phloem necrosis is a uniformly 
prominent symptom. But virus or otherwise, the effect of the agent under 
field conditions of sunlight, becomes manifest throughout the entire plant in a 
remarkably short period of time. 

Inasmuch as a virus seems absent in the case of P. cockerelli, just described, 
at least an interesting speculation is whether other insects also might have the 
ability to initiate tuber phloem necrosis under certain conditions, and, also, 
whether the insect vectors of the leaf-roll virus contribute, in addition to the 
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virus or viruses, an activator of tuber phloem necrosis. Such a study would 
involve consideration, not only of the physiological processes, but attention 
to environmental factors, including the intensity of sunlight. 

With regard to the fluorescence observed in the case of leaf-roll necrotic 
tubers, it is suggested that the tissues surrounding the necrotic phloem strands 
in the tuber contain a fluorescent chemical that apparently originates in the 
affected phloem strands. The necrotic phloem elements reacted negatively. 
This also applied in the case of tuber phloem necrosis resulting from P. 
cockerelli feeding on the vines. However, even though the leaf-roll virus is 
known to be present in the tubers when necrotic phloem strands are not 
present, fluorescence is uniformly absent. 

The fluorescence of the small isolated spots in a high percentage of the 
tubers in the two samples (Nos. 2 and 4, Table IV), the plants of which were 
known to be exposed to infection by the leaf-roll virus, cannot be attributed 
to that agent without further data. 
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OBSERVATIONS SUR QUELQUES MALADIES NON PARASITAIRES 
DES ARBRES DANS LE QUEBEC! 


Par RENE POMERLEAU? 


Sommaire 


L’auteur a réuni dans ce mémoire des notes personnelles sur les maladies des 
arbres dans le Québec dont la cause n’est pas parasitaire. Quelques observations 
sur des maladies sans cause biologique externe sont rapportées ici briévement. 
Les effets du froid hivernal et surtout du froid tardif du printemps sur les 
résineux et sur l’érable 4 sucre sont étudiés en donnant une attention spéciale a 
l'insolation. Les troubles attribuables a la chaleur excessive et a la sécheresse, 
comme le dépérissement des bouleaux, sont passés en revue. Les méfaits des 
fumées nocives et des poussiéres, principalement dans les régions miniéres, sont 
aussi discutés. 


Introduction 


Les dommages causés aux arbres par tout autre agent que les étres vivants 
parasites sont trés fréquents et souvent trés graves. Dans l’ensemble cepen- 
dant, leurs effets sont plutdt limités, car ces troubles ne progressent pas comme 
ceux qui résultent de l’action d’agents infectieux. Les individus ou les 
groupes affectés peuvent souvent réparer leurs dommages et recouvrer leur 
santé, lorsque les conditions défavorables ne subsistent plus, mais les exemples 
sont nombreux ou les arbres atteints sont affaiblis au point d’étre ensuite la 
proie facile des maladies parasitaires, ou encore ils n’ont plus la protection 
nécessaire pour éviter l’infection de leur bois par les champignons lignicoles. 

Les agents pouvant produire de tels troubles sont nombreux et variés: 
ils sont naturels, comme les facteurs climatériques et édaphiques, ou artificiels, 
comme l’incendie, les fumées nocives, l’exploitation forestiére, etc. 


Il existe aussi des cas pathologiques dont l’origine ne peut pas plus étre 
attribuée aux causes externes ci-dessus mentionnées qu’aux organismes 
parasites. Ces anomalies, chez les arbres, sont souvent désignées a tort, 
comme maladies physiologiques, car toutes les maladies, comme le dit Whetzel 
(26), sont des procédés physiologiques anormaux et préjudiciables. Ce sont 
des monstruosités dont aucune cause parasitaire n’est connue, mais dont 
l’origine est interne et souvent congénitale. 

Dans le but de renseigner les personnes intéressées, j’ai réuni, dans cet 
article, quelques observations effectuées sur ce sujet depuis une quinzaine 
d’années dans le Québec. 


Maladies d’origine interne 


La galle du bouleau blanc 


Dans la ville de Québec, 4 Lévis et 4 St-Joachim (comté de Montmorency), 
jai observé des bouleaux blancs (Betula papyrifera Marsh.), portant des 


1 Manuscrit recu le 19 janvier 1944, 
Contribution du Service Forestier, Ministére des Terres et Foréts, Québec. 


2 Directeur du bureau de Pathologie forestiére, Service forestier, Ministére des Terres et 
Foréts, Québec. 
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galles noires sur les branches. Ces hypertrophies existent en nombre con- 
sidérable sur certains sujets et sont absentes sur les individus voisins. Elles 
peuvent atteindre de 6 4 8 pouces de diamétre sur les grosses branches et 
n’avoir qu’une fraction de pouce sur les petits rameaux. Le plus souvent, 
elles sont distribuées en chapelet, 4 distance 4 peu prés égale sur les branches. 
De forme presque sphérique, elles portent, surtout les plus jeunes, de nombreux 
bourgeons et de petits rameaux rabougris avec des feuilles naines et déformées 
comme sur un broussin (Fig. 1). L’examen répété de quelques cas, a des 
intervalles rapprochés, pendant toute une saison, n’a pas révélé la présence 
d’un organisme parasitaire, ni l’action d’un agent externe: insecte etc. La 
vitalité des arbres affectés ne semble pas compromise. 


Le balai de sorciére du négundo 


Dans la couronne d’un négundo (Acer Negundo L.), situé prés du village 
de Répentigny (comté de |’Assomption), un balai de sorciére trés typique, 
d’un diamétre d’environ trois pieds (Fig. 2), a été observé en 1938. Plusieurs 
fois, pendant |’été, je suis monté dans cet arbre pour recueillir des rameaux 
et des feuilles et pour examiner de prés cette fasciculation étrange. Aucun 
parasite et aucune blessure n’ont pu étre découverts sur les organes anormaux. 
Les feuilles cependant sont petites, nombreuses et légérement déformées. A 
ma connaissance aucune mention n’a été faite d’un telle monstruosité chez 
le négundo, mais, d’aprés Boyce (3) des proliférations dont la cause est inconnue 
sont assez souvent observées chez les arbres. 


Loupe, galle, broussin ‘ 


Il existe un grand nombre d’hypertrophies sur nos arbres dont l’origine 
n’est pas connue avec exactitude. Les loupes, ou excroissances globuleuses 
plus au moins considérables, sont particuliérement fréquentes chez le merisier 
(Betula lutea Michx. f.) et le bouleau (Betula papyrifera Marsh). Le broussin, 
une hypertrophie parfois volumineuse, portant a la surface un grand nombre 
de bourgeons adventifs et de petits rameaux, se voit aussi surtout au pied 
des mémes essences. 


Des galles de dimensions exagérées se forment parfois sur l’épinette (Picea 
glauca (Moench) Voss.) (Fig. 3) particuliérement chez les arbres isolés. II 
n’existe pas, dans toutes ces malformations, d’organisme parasitaire, comme 
l’indique Boyce (3). 


Décoloration du coeur de l’érable 


Une décoloration noiratre ou vert foncé du bois de coeur se rencontre parfois 
chez presque tous les érables 4 sucre (Acer saccharum Marsh.) dans certains 
peuplements. A Duchesnay, par exemple, tous les troncs abattus, dans une 
forét d’érables, comportent ce défaut (Fig. 4). Le plus souvent la décoloration 
s’étend de la souche jusqu’aux branches d’au moins deux ou trois pouces 
de diamétre et ne dépasse guére le coeur. La cause de ce trouble, que |’on 
nomme ‘‘Concrétion minérale’’, n’est pas connue ainsi que le mentionne 
Scheffer (22). Il m’est arrivé quelquefois d’obtenir des cultures pures du 
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du négundo 
Fic. 5. Fasciation du cerister. 


ere 
Fic. 6. Dépérissement de l’érable a sucre croissant sur un sol trop humide. 


Fic. 2. Balai de sorci 


4. Coeur noir de l'érable. 
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Fic. 1. Début de galle du bouleau blanc. 
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Fic. 7. Sapin affecté par le froid. Fic. 8. Rameaux du sapin tués par le froid et envahis 
par des saprophytes. FiG.9. Insolation del’ érable a sucre. FiG. 10. Coupe du tronc au niveau 

d'une insolation montrant la formation du calus. Fic. 11. Chancre de l’érable a sucre causé 
par le Diatrype Macounii aprés une insolation. 
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Torula ligniperda (Willk.) Sacc. de ce bois noiratre, mais ce n’est qu’accidentel. 
De plus, l’examen microscopique ne révéle pas la présence de mycélium dans 
les vaisseaux. 

Lorsque |’aubier est exposé a l’air, par une blessure ou un chancre, comme 
l’ont indiqué Campbell et Spaulding (4), une décoloration semblable se produit, 
et s’étend a une distance assez considérable dans le coeur. Elle semble 
a Duchesnay se développer de préférence chez les rejets de souche. 


La fasciation du cerisier 


Un cas de fasciation du petit merisier (Prunus pensylvanica L.f.) m’a été 
rapporté avec des échantillons typiques. Cet arbre portait un grand nombre 
de rameaux aplatis et recourbés en crosse (Fig. 5). Cette malformation est 
assez fréquente et bien connue (3) chez les coniféres et les feuillus. 


Maladies d’origine externe 
Froid 


En plein hiver, il est rare que les basses températures nuisent aux arbres 
habitués a croitre sous notre climat. II existe cependent des exemples qui 
démontrent bien que les grands froids de moins de 25° F. sous zéro et persistant 
parfois pendant une période prolongée, peuvent devenir dommageables ou 
méme fatals aux arbres. 

Le climat de l’hiver 1933-1934 a été remarquablement rigoureux. Dans 
le Québec, comme aux Etats-Unis (8), la température ne s’est guére élevée 
au-dessus de zéro pendant des mois et un vent intense de l’ouest a persisté 
presque tout le temps. Les résineux ont grandement souffert de ces con- 
ditions: les aiguilles ont rougi graduellement et elles sont tombées. Aprés 
la fonte des neiges au printemps, les pins (Pinus spp.), les épinettes (Picea 
spp.), le sapin (Abies balsamea (L.) Mill.) etc., étaient souvent en partie 
dépouillés de leur feuillage, du moins chez les individus les plus exposés au 
vent. Les jeunes sujets surtout étaient durement atteints et affectés. On 
voyait fréquemment des épinettes ou autres essences résineuses dont la partie 
supérieure était dépourvue d’aiguilles alors que la partie inférieure, jusqu’au 
niveau supérieur de la neige, conservait un feuillage vert. Malgré ces con- 
ditions singuliérement rudes, les cas de mortalité étaient exceptionnels. 
Bien plus, les rameaux et les bourgeons n’ont guére été affectés et la feuillaison 
s’est accomplie d’une maniére normale. Ce fut surtout dans les plantations: 
St-Clet (comté de Soulange), Lachute (comté d’Argenteuil), Park (comté 
de Kamouraska), Berthier (comté de Berthier) que ces effets furent les plus 
marqués. Baxter (2) reconnait que les effets du froid sont plus graves dans 
les plantations que dans les foréts naturelles. 

L’action du froid d’hiver le plus remarquable que j’ai pu observer depuis 
une quinzaine d’années, c’est le dépérissement des érables 4 sucre (Acer 
saccharum Marsh.) dans certaines érabliéres du comté de Beauce en parti- 
culier. Pendant deux hivers consécutifs, 1931-1932 et 1932-1933, la couche 
de neige ayant été mince, les racines des érables établis sur un sol trop frais 
ont été durement affectées. De telles conditions manifestent leurs effets 
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dés la saison suivante d’ordinaire: les feuilles des branches du sommet de 
l’arbre se flétrissent et meurent ne laissant que des rameaux nus. Ce dépérisse- 
ment s’accentue d’année en année jusqu’a la mort de I’arbre. 


Cet effet particulier du froid a été signalé par plusieurs auteurs depuis 
Hartig (14), Sorauer (23) en Europe et Zon (27) en Amérique. Graves (11) 
en particulier a mentionné que le froid de I’hiver 1917-1918 a causé la mort 
des racines du hétre dans |’état de New-York. 


En 1943, une visite dans les mémes foréts que j’avais vues en 1934 m’a 
permis de constater qu'une grande partie de ces arbres sont maintenant morts 
ou mourants (Fig. 6). Par contre, sur les terrains avoisinants moins humides, 
la santé des érables est normale. 

Il convient de souligner ici les inconvénients qu’il y a a forcer l’érable a 
s’établir sur des terrains impropres 4a sa croissance, alors que d’autres essences, 
comme le merisier (Betula lutea Michx. f.), l’érable rouge (Acer rubrum L.), 
le sapin (Abies balsamea (L.) Mill.) et l’épinette rouge (Picea rubra Link), 
occuperaient ces espaces avec avantage. 

Depuis 1927, un dépérissement analogue a été remarqué chez le fréne, 
particuli¢rement le fréne noir (Fraxinus nigra Marsh.) dans une grande partie 
du Québec et dans les parties adjacentes des Etats-Unis. Pendant les quelques 
années qui suivirent, les frénes étaient dans un état si lamentable et cela d’une 
mani¢re si constante, que l’on pouvait reconnaitre facilement cette essence 
a la seule vue a distance d’un arbre en partie défolié, ne possédant plus d’ordi- 


naire qu’un mince bouquet de rameaux feuillés 4 la base de la couronne. 
Chaque année, depuis 1927, ce cas m’a été signalé et, récemment encore, les 
cultivateurs de la rive sud du St-Laurent s’alarmaient de la santé de leurs 
frénes. 


A l’époque ot se situe l’apparition des premiers signes de ce dépérissement 
dans un vaste territoire, je n’étais pas encore aussi directement intéressé a 
la santé de ces arbres. A partir de 1930 cependant, j’ai fait des observations 
plus poussées sur ce cas dans presque toutes les régions de la province de 
Québec. Aucun parasite déprédateur important n’a pu, en une ou deux 
saisons, produire des effets aussi violents et généralisés et, de plus, passer 
inapercgu. II n’est donc pas trop osé, il me semble, d’attribuer ce trouble 
aux conditions climatériques et plus spécialement aux dommages causés aux 
racines par le froid en l’absence d’une couche suffisante de neige. 

Ces conditions se sont répétées, je crois, vers 1935 ou 1936. Aprés une 
feuillaison normale, les frénes blancs (Fraxinus americana L.) ornementaux, 
a Berthierville en particulier, ont perdu une partie de leurs feuilles encore 
tendres dés le mois de juin. 

La méme année, le négundo (Acer Negundo Michx.) a souffert du méme 
mal et l’on peut encore observer maintenant, le long de la route de Québec 
a Montréal, quelques-uns de ces arbres ayant été durement affectés. 


Les effets du froid de l’hiver se manifestent aussi chez les résineux. II est 
toutefois assez difficile de déterminer avec assurance l’ensemble des conditions 
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qui ont provoqué tel ou tel dommage. Ainsi, j’ai observé, particuliérement 
a Duchesnay, que certains sapins (Abies balsamea (L.) Mill.) exposés aux 
vents forts du nord-est comportent une longue bande morte,s’élevant jusqu’aux 
branches inférieures (Fig. 7). Par cette surface, la carie de l’aubier, surtout 
celle causée par le Polyporus abietinus (Dicks.) Fr., pénétre bienté6t dans le 
tronc. On pourrait peut-étre expliquer cette affection par la persistance des 
vents trés froids du nord-est pendant I’hiver ou par la glace qui demeure trés 
longtemps sur un cété du tronc aprés une violente tempéte. D’autre part, 
une telle lésion ressemble étrangement a celle qui se produit chez le pin blanc 
par l’insolation, comme I’a décrit récemment Huberman (16). Il est cependant 
difficile, dans le cas signalé ici, d’attribuer cette maladie au soleil A cause de 
orientation nettement est de la lésion. 

Le sapin est assez fréquemment victime du froid hivernal dans les clairiéres 
exposées. II n’est pas rare en effet de trouver, surtout au nord de la ville 
de Québec, des jeunes sujets dont la fléche terminale ou les rameaux du dernier 
verticille sont morts. Ces pousses assez tendres, lorsqu’elles émergent a 
peine de l’épaisse couche de neige, sont sans doute enveloppées dans un man- 
chon de glace ou soumises 4 un vent froid intense et constant. Souvent, la 
nouvelle fléche formée en été est, l’année suivante, affectée de la méme maniére 
et l’arbre reste nain et déformé. En été, ces rameaux sont envahis de sapro- 
phytes divers (Fig. 8). 

On ne saurait énumérer les méfaits du froid de l’hiver, sans mentionner 
la gélivure, la roulure, la cadrannure et autres défectuosités si fréquentes 
sur nos essences. Toutes les espéces d’arbres feuillus, de méme que la plupart 
des résineux sont plus ou moins gravement affectées par ces blessures. II 
arrive parfois que les gélivures se cicatrisent assez bien sans trop de dommages, 
mais combien plus souvent ne demeurent-elles pas ouvertes? II se produit 
alors une déformation ou calus de cicatrisation et, ce qui est plus grave, elles 
constituent des portes ouvertes par ot les champignons des chancres et des 
caries pénétrent. 

La partie inférieure du tronc de l’érable ayant dépassé cent ans est rarement 
exempte de ces gélivures. La plupart des vieux sujets, deviennent plus ou 
moins sillonnés de fissures pouvant atteindre parfois vingt ou trente pieds 
de longueur. Le hétre (Fagus grandifolia Ehrh.), les peupliers (Populus spp.), 
et le sapin chez les résineux sont, avec l’érable, les principales victimes de la 
gélivure. 

Ily aurait peut-étre lieu de signaler ici l’action du froid sur les arbres exotiques 
que l’on tente d’acclimater dans nos pépiniéres. A Berthierville, la partie 


- exposée, au-dessus du niveau de la neige du catalpa (Catalpa speciosa Ward), 


du maronnier d’Inde (Aesculus Hippocastanum L.), du tulipier (Liriodendron 
Tulipifera L.), et quelques autres espéces, géle et meurt chaque année et 
pas une tige ne réussit 4 dépasser ce point. Ces plantes, d’origine américaine 
ou européenne, demeurent petites et buissonnantes depuis plusieurs années. 
Presque chaque année, le verglas, la neige, le vent sont aussi des éléments 
climatériques nuisibles 4 un degré plus ou moins grand aux arbres ou méme 
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a de grandes surfaces de foréts. Le bris des branches, les ouvertures du tronc 
et méme les chablis plus ou moins étendus sont leurs effets ordinaires. Je 
citerai comme exemple une forte tempéte de neige, survenue vers le 20 octobre 
1934, ayant causé la cassure de beaucoup de branches d’un grand nombre 
d’arbres surtout les peupliers de Caroline (Populus canadensis Moench.), 
dont le feuillage persiste longtemps. En fondant au printemps, la neige 
et la glace arrachent souvent les branches des coniféres, surtout aux endroits 
ot elles s’amoncellent en bancs énormes comme ce fut le cas au printemps 
1943. Le poids de la neige sur les branches de sapin en forét a souvent pour 
effet de faire développer un bourrelet sous la branche au point de jonction 
avec le tronc. On remarque fréquemment des coniféres dont le tronc est 
recourbé en forme de baionnette. Cette déformation indique que la téte 
de l’arbre ayant été cassée probablement par le poids de la neige ou de la glace, 
une branche latérale a formé une nouvelle fléche. C’est un signe presqu’in- 
faillible de l’existence chez le sapin d’une carie ayant pénétré a la faveur de 
cette blessure. 

Si l’hiver, dans toute sa rigueur, inflige des dommages assez graves aux 
arbres, sous notre climat, les grandes variations de température de fin d’hiver 
ou du printemps sont encore plus néfastes. L’insolation de l’érable 4 sucre 
peut étre citée comme |’exemple le plus typique de ce genre de maladie. Elle 
consiste en une lésion nécrotique d’un, de deux ou méme de trois pouces de 
diamétre (Fig. 9), toujours orientée entre le sud-est et le sud-ouest et située 
sur le tronc au-dessus du niveau de la neige au printemps. L’écorce se détache 
ordinairement du bois de cette plaie et un bourrelet ou calus se forme tout 
autour (Fig. 10). Les jeunes érables de moins de trois ou quatre pouces sur 
les versants sud sont ordinairement les plus affectés. On note aussi que cette 
maladie se manifeste autour des clairiéres récemment aménagées et dans les 
jeunes peuplements trés fortement éclaircis. 


La constance de l’orientation de‘la lésion et sa présence dans les jeunes 
foréts trop directement exposées a la lumiére indiquent bien que les rayons 
du soleil ont une réle a jouer dans ce cas. II semble bien aussi que ce soit 
au printemps, avant la fonte de la neige, que le mal se produit, puisque la 
lésion est toujours située a plus de un pied et demi ou de deux pieds du sol 
et se rencontre aussi bien sur les troncs protégés en été par le feuillage des 
autres espéces que sur les sujets en bordure. II est donc vraisemblable que 
le moment le plus propice pour la formation de cette lésion se situe a la fin de 
mars ou en avril, alors que les rayons solaires réchauffent un cété du tronc des 
arbres 4 écorce tendre au point de provoquer le développement des cellules 
du cambium. Ces tissus nouvellement formés et gorgés d’eau, sont trés 
vulnérables et une forte gelée printaniére, comme il en arrive souvent a 
cette époque, a tét fait de les endommager. 

Des mesures de la température sous l’écorce de quelques jeunes arbres 
exposés au soleil ont été prises en avril 1943 4 Duchesnay. On remarque 
qu’au début du mois (Tableau I), il existe des différences de plus de 20° F. 
entre le cété ensoleillé et le c6té obscur du tronc. Certains jours, la tempé- 
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TABLEAU I 
TEMPERATURES SOUS L’ECORCE DES JEUNES ERABLES A SUCRE EN BORDURE DE LA FORET 

AVRIL 1943 

Arbre No 1 Arbre No 2 
Date Sud Nord Sud Nord 
0’ 4’ 0’ 2’ 0’ 4’ 0’ 4’ 
8 60.0 | 68.0 | 78.0 | 42.5 | 49.5 | 52.5 

10 56.0 | 63.0 | 64.0 | 47.0 | 50.5 | 52.0 | 51.0 | 52.5 | 50.0 | 48.0 | 53.0 | 64.5 
12 36.0 | 37.0 | 40.0 | 34.5 | 40.0 | 68.5 | 40.0 | 40.5 | 41.0 | 40.5 | 41.0 | 41.0 
13 48.0 | 50.0 | 53.5 | 41.0 | 43.0 | 45.5 | 49.0 | 50.5 | 46.0 | 42.5 | 44.0 | 45.0 
15 32.0 | 32.5 | 32.5 | 31.5 | 31.5 | 32.0 | 32.5 | 32.5 | 32.5 | Glace | Glace |Glace 
16 | 44.5 | 47.5 | 52.5 | 40.5 | 42.5 | 46.0 | 50.0 | 50.0 | 49.0 | 43.5 | 43.5 | 42.0 
18 58.5 | 63.0 | 66.0 | 49.5 | 52.0 | 54.0 | 59.0 | 58.0 | 56.5 | 51.5 | 51.5 | 52.5 
19 70.0 | 81.5 | 84.7 | 52.0 | 56.0 | 58.0 | 59.0 | 65.5 | 63.5 | 49.0 | 56.0 | 54.5 
21 62.5 | 70.0 | 73.5 | 53.0 | 54.5 | 56.5 | 59.0 | 62.0 | 60.0 | 50.0 | 53.5 | 54.5 
22 66.5 | 71.0 | 72.5 | 56.0 | 57.5 | 58.5 | 65.5 | 65.5 | 63.0 | 56.5 | 58.5 | 57.5 
23 70.4 | 74.5 | 74.5 | 59.0 | 59.5 | 61.0 | 67.0 | 68.0 | 70.0 | 63.0 | 66.5 | 64.5 
5 Af 58.5 | 64.5 | 65.5 | 59.5 | 61.5 | 64.0 | 51.5 | 54.0 | 56.0 | 53.0] 55.0 | 55.0 
29 58.5 | 59.5 | 63.0 | 52.0 | 53.0 | 48.0 | 53.0 | 53.0 | 54.0 | 50.0 | 50.0 | 52.0 


N.B. Les observations ne sont indiquées que pour les jours ensoleillés. 


Heures des lectures: 2.30 hr., p.m., H.N.E. 0', 2', 4' indique la hauteur en pieds au-dessus 
du niveau de la neige au début d’avril. 


rature monte jusqu’a 80°F. Des températures aussi élevées ne manquent 
pas de réveiller les tissus vivants sous l’écorce. II est peut-étre possible 
cependant que ce phénoméne, se produisant avant que le sol et méme la base 
du tronc ne soient complétement dégelés, les cellules viennent 4 manquer 
d’eau et meurent de sécheresse. II ne m’est pas encore possible de dire 
laquelle des deux hypothéses est la meilleure: la dessiccation ou la congélation. 


A Duchesnay, cette maladie prend des proportions considérables partout 
oti les jeunes érables sont exposés trop directement au soleil aprés les éclaircies 
ou aprés l’ouverture de chemins, clairiéres etc. Elle est particuliérement 
désastreuse sur une pente trés forte au sud of de nombreux rejets de souche 
sont sortis aprés un incendie. Sous le couvert des vieux arbres, par contre, 
les jeunes tiges ne sont 4 peu prés jamais atteintes. Je souligne encore le 
fait que des éclaircies, dans un peuplement occupant un versant nord-ouest, 
n’ont pas provoqué d’insolation. 


Dans la province de Québec, des exemples de cette maladie se rencontrent 
partout ot les conditions mentionnées plus haut se réalisent. A St-Joseph 
de Beauce, particuliérement, une plantation de jeunes érables est compléte- 
ment ruinée par cette affection. Ces jeunes arbres, extraits d’une forét 
avoisinante, sont plantés sur un fort versant sud. 


Ces blessures peuvent sans doute se refermer en ne laissant qu’une cicatrice 
sur l’écorce, mais il semble bien cependant que grace a elles, dans une grande 
proportion des cas, des chancres et des caries s’établissent 4 demeure dans 
ces troncs. A Duchesnay, un chancre a envahi presque tous les troncs avec 
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insolation dans une partie éclaircie de la forét en bordure d’un chemin. Ce 
chancre, causé par le Diatrype Macounti E. & E. (Fig. 11), dont les fructifica- 
tions sont nombreuses, est trés caractéristique. Un chancre df al’Hypoxylon 
Blakei B. & C., se développe ¢a et la 4 peu prés dans les mémes circonstances. 
Lorsque l’écorce adhére au bois, un saprophyte commun de I’écorce, le Nectria 
cinnabarina (Tode) Fr., réussit parfois 4 envahir l’écorce saine et 4 causer 
un chancre. Le Daedalea unicolor (Bull.) Fr. (Fig. 12) utilise souvent cette 
blessure pour infecter |’érable et produire un chancre et une carie de |’aubier. 
Enfin des champignons lignicoles ordinaires, comme le Fomes igniarius (L.) 
Gill. (Fig. 16), le Fomes connatus (Weinm.) Gill. et plus rarement le Fomes 
applanatus (Pers.) Walk, s’insinuent dans le trone par cette voie. Des arbres 
ainsi affectés peuvent survivre assez longtemps pour finalement mourir 
étouffés par le chancre ou se rompre par la carie. . 

Un inventaire des maladies des feuillus 4 Duchesnay, effectué en 1942, 
révéle que, chez |’érable a sucre, l’insolation est fréquente dans le jeune 
Age seulement. Ainsi chez les sujets de la classe de moins de vingt ans, 25% 
comportent une insolation. Dans les classes supérieures, ce chiffre diminue 
rapidement pour tomber a4 presque rien vers cinquante ou soixante-dix ans. 
Passé trente ans, il est probable que les sujets affectés sont des survivants des 
arbres atteints plus tét. 

D’autres essences ont aussi 4 souffrir de l’insolation, mais c’est le hétre qui 
en est le plus affecté. Si l’érable est sensible a l’action du soleil printanier 
dans le jeune 4ge seulement, le hétre l’est toute sa vie en raison sans doute 
de son écorce mince. On observe en effet, du moins 4 Duchesnay, que le 
pourcentage d’arbres atteints augmente considérablement 4 mesure que les 
arbres vieillissent. Des bandes mortes caractéristiques, d’une largeur souvent 
considérable apparaissent partout ot le tronc du hétre est subitement exposé 
au soleil, par suite de |’éclaircie, de l’ouverture de chemins ou de clairiéres 
dans la forét, ou tout simplement par la chute de vieux arbres voisins. Comme 
pour |’érable cependant, c’est sur les pentes sud que le danger est le plus grand. 

Avec la gélivure, l’insolation est sfirement la voie d’infection la plus commune 
du hétre par les champignons lignicoles. Aussi est-il rare qu’un hétre d’un 
Age avancé soit sain. Lorsque l’insolation est trop prononcée, le tronc se 
rompt facilement et assez t6t par l’affaiblissement df a la carie (Fig. 14). 

Le cerisier de Pennsylvanie (Prunus pensylvanica L.f.), les merisiers (Betula 
lutea Michx. f.) et quelques autres essences sont aussi frappés d’insolation, 
mais ces cas sont plutdt rares. 

Un autre effet du froid tardif assez fréquent dans l’Est du Canada, c’est 
la gélure des bourgeons de l’érable. Les sujets affectés portent pendant 1’été 
des feuilles trouées, tachées de rouge et plus ou moins déformées. Ce sont 
surtout les jeunes arbres en bordure de la forét et dans les plantations, ou les 
arbres d’ornement isolés, qui montrent ordinairement ces signes. Au _ prin- 
temps, les bourgeons commencent 4a s’ouvrir par un beau jour et, si dans la 
nuit suivante il se produit une forte gelée, les tissus tendres des petites feuilles, 
partiellement exposées par le relachement des écailles, sont atteints plus ou 
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PLANCHE III 


Fic. 12. Chancre et carie causés par le Daedalea unicolor aprés une insolation. F1G. 13. 
Intoxication d'une feuille de chéne rouge. FiG. 14. Cassure du tronc du hétre par une insola- 
tion et une carte. Fic. 15. Briilure du collet du pin blanc par la chaleur excessive. FG. 16. 
Carie causée par le Fomes igniarius dans une insolation du hétre. 
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PLANCHE IV 


Fic. 17. Bouleaux morts quelques années apres l’exploitation des résineux. Fic. 18. Dépé- 
rissement du bouleau apres l'exploitation des résineux. FiG. 19. Fumées sulfureuses se déga- 
geant des cheminées de l'usine de grillage de minerai Gd Noranda, Qué. Fic. 20. Sapin parttel- 
lement défolté par l’intoxication a Duparquet, Qué. 
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moins gravement par le froid. Pendant l’exfoliation, les parties affectées 
meurent et forment des taches rouges qui tombent parfois; mais ces plages en 
se durcissant empéchent la feuille de se développer normalement et de devenir 
plane. Cependant, cette condition des feuilles est rarement assez grave pour 
nuire notablement a la vie de l’arbre. Partout dans le Québec ov croit 
l’érable, on peut observer certaines années cette gélure des bourgeons. 

Les effets du froid tardif aprés ou pendant la feuillaison sont encore plus 
importants, car une assez grande portion du feuillage de l’érable, des peupliers 
(Populus canadensis Moench.), (Populus nigra L. var. italica Dur.) etc., peut 
étre tuée par de telles gelées. Il n’y a pratiquement pas d’années ou, d’un 
endroit ou d’un autre, des cas de cette nature ne soient rapportés. 

Les résineux, ordinairement exempts de ces méfaits du froid tardif, sont plus 
gravement affectés lorsqu’ils sont soumis aux gelées pendant une période 
critique. On observe parfois, dans certaines régions, des sapins, des épinettes 
ou des mélézes dont les jeunes pousses sont mortes et desséchées avant d’avoir 
atteint leur taille définitive ou encore sont recourbées en crosse, par l’action 
de la gelée intense au printemps. 


Chaleur 


Si les basses températures sont maintes fois la cause de dommages graves 
dans ce pays, les cas de pertes imputables a la chaleur excessive sont plutdét 
clairsemés. Aussi, ce n’est guére que sous certaines conditions particuliéres 
que ses effets sont remarquables. Le cas le plus important a signaler ici, 
observé dans le Québec, c’est la brfilure des semis de coniféres 4 la pépiniére 
forestiére de Berthierville. Presque chaque année, au mois de juin ou de 
juillet, un certain nombre de plantules 4 peine sorties de terre dans les carrés 
de semis, jaunissent et se couchent sur le sol. Au niveau du collet, il se 
produit une constriction de la tigelle qui entraine la mort de la plantule. La 
chaleur excessive, qui se développe a la surface du sol trop directement exposé 
aux rayons du soleil de juin ou de juillet, affecte les tissus trés tendres de 
ces plantules. Le pourcentage de semis atteints de brfilure est difficile a 
évaluer, car il peut toujours y avoir des cas trés nombreux de fonte parmi les 
plants affectés. Certains caractéres spéciaux de la fonte permettent cependant 
de ne pas confondre les deux maladies dans le plus grand nombre de cas. La 
fonte se développe souvent en rond dans les semis, alors que la brfilure 
s’attaque a des plantules isolées; la lésion de la brilure, suivant Hartley (15), 
est de couleur claire, bien délimitée et située seulement sur la partie de la tige 
au-dessus du sol. Les semis ayant germé avant une période chaude et qui 
sont soumis ensuite 4 une température élevée sans aucune protection, sont 
surtout affectés par la brfilure, tandis que les plantules qui meurent pendant 
une période humide sont la plupart du temps attaquées par la fonte. Au 
printemps de 1943, les premiers semis 4 germer a la pépiniére de Berthierville 
ont plus spécialement souffert de la fonte tandis que les carrés ensemencés a la 
fin de mai ont été décimés par la brfilure. 
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Il convient d’indiquer ici que la méthode ordinairement recommandée pour 
protéger les semis contre la brfilure due a la chaleur excessive, consiste surtout 
a ne laisser passer que 50% de la lumiére sur les carrés de semis au moyen 
d’un lattis de bois posé 4 environ dix-huit pouces du sol. 


Les plants repiqués ou plantés 4 demeure peuvent aussi souffrir de la tem- 
pérature élevée. J’ai observé dans les plantations de pins blancs (Pinus 
Strobus L.), a Berthierville, A Lachute, (comté d’Argenteuil), et aA St-Clet 
(comté de Soulanges), des exemples assez typiques de ce genre d’affection. 
Au cours d’un examen pour dépister les cas de rouille vésiculeuse en 1930 et 
1931, et a d’autres occasions depuis, plusieurs sujets morts ou mourants ne 
montrant pas les symptémes ordinaires de la rouille vésiculeuse ont été 
observés. Ce dépérissement des plants de six pouces a deux pieds de longueur 
est toujours accompagné d’une lésion rougeatre, légérement enfoncée, de un a 
trois pouces de longueur et située juste au niveau du sol (Fig. 15). Des 
organismes secondaires, comme des champignons saprophytes et méme des 
insectes, se développent parfois sur ces tissus morts. Le fait qu’une telle 
maladie n’a jamais été observée ailleurs qu’en plantation et sur des terrains 
sablonneux, directement exposés au soleil, est un indice que la chaleur excessive 
du sol peut bien en étre la cause. 


Sécheresse 


Les cas des maladies dérivant directement de la carence d’eau dans le sol 
que j’ai observés dans le Québec sont trés nombreux, mais je ne signalerai ici 
que les plus typiques et surtout ceux dont les effets sont les plus graves. 


Depuis quelques années, on accorde une attention plus considérable que 
naguére a l’état du bouleau a papier (Betula papyrifera Marsh.) et au merisier 
(Betula lutea Michx. f.) parce que ces deux essences sont de plus en plus utili- 
sées dans l’industrie. Sur de grandes étendues boisées dans |’Est du Canada 
et des Etats-Unis, le bouleau 4 papier présente en effet un aspect assez spécial 
trés remarqué: un dépérissement généralisé, commencgant par les rameaux du 
sommet de la couronne et s’étendant graduellement aux branches les plus 
grosses, pour ne laisser, aprés quelques années, qu’une touffe de feuillage 
a la base de la couronne (Fig. 18). Cette nécroge des rameaux s’accompagne 
d’une réduction de taille des feuilles qui deviennent aussi moins nombreuses, 
jaunes ou chlorotiques. Les petites branches, puis les grosses pourrissent et 
tombent graduellement et, enfin, la carie envahit le tronc. 


Une telle décadence, signalée par des entomologistes (1, 6, 7, 17, 18, 19, 21, 
25) et des pathologistes (4, 13), est surtout apparente et accusée aprés |’ex- 
ploitation des résineux. Un insecte, le perceur bronzé du bouleau (Agrilus 
anxius Gory), a été tenu responsable de ces dommages en diverses circons- 
tances, mais cette opinion s’est surtout propagée au Canada et aux Etats- 
Unis a la suite des travaux de Balch et Prebble (1) au Nouveau-Brunswick 
et de Nash (19) dans l'état du Maine. Les travaux de Spaulding et 
MacAloney (24) en Nouvelle Angleterre et de Hall (13) dans l’état du Michigan 
démontrent que cet insecte ne peut étre considéré comme la cause primaire 
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de cette maladie. Peirson (21) auparavant avait constaté que le perceur 
bronzé ne s’attaquait qu’aux peuplements altérés par la coupe. 


A de nombreuses occasions depuis dix ans, j’ai examiné de prés des arbres 
ainsi affectés aux quatre coins de la province de Québec: Parc National des 
Laurentides (Fig. 17), Nord de Montréal, Gaspésie, Cantons de l’est, Céte 
Nord. Aucun parasite ou insecte, n’a paru directement responsable de cette 
maladie. Les arbres affaiblis, aprés quelques années de décrépitude, sont 
envahis par des champignons saprophytes dont aucun ne peut étre considéré 
comme étant la cause immédiate de la maladie. 


Jusqu’en 1943, je n’ai guére vu d’exemples de ce dépérissement qu’en des 
endroits déboisés, sauf quelques sujets isolés, ordinairement passés maturité, 
dans certaines foréts ou encore dans certains peuplements 4gés de bouleaux 
blancs qui s’étaient développés aprés un incendie. En 1943, cependant, la 
situation n’est plus la méme dans une grande partie des foréts de la région 
du Bas Saint-Laurent, particuliérement dans sa partie attenante au Nouveau- 
Brunswick et a l’état du Maine. Contrairement a ce que je prévoyais, 
ce n’est plus seulement dans les endroits exploités que ce mal sévit mais 
aussi dans les foréts vierges ou dans des peuplements assez denses ot le 
facteur déboisement ne peut étre mis en cause. Dans certains secteurs le 
dépérissement est généralisé au point de donner un aspect particulier 4 toute 
la forét. Dans des peuplements composés de sapins, d’épinettes, d’érables 
et surtout de merisiers, bien peu de ces derniers sont demeurés intacts. Le 
plus souvent cependant ce ne sont que les petits rameaux du sommet qui 
sont morts et le reste de la couronne est normalement feuillé, sauf peut-étre 
que les feuilles sont plus petites et un peu chlorotiques vers la cime. Afin 
de vérifier dans ces foréts vierges si le perceur bronzé est vraiment responsable 
de ce mal, j’ai examiné attentivement plusieurs merisiers et bouleaux abattus 
et écorcés dans ce but. En pleine forét, aucun insecte de |’écorce n’a été vu 
ni aucune trace de son passage. Ce n’est que dans le cas d’un bouleau presque 
mort d’une forét exploitée que j’ai apergu quelques larves. Un entomologiste 
du Ministére des Terres et Foréts de Québec, Monsieur René Martineau, 
travaillant indépendamment de moi, m’a déclaré avoir cherché vainement cet 
insecte dans les merisiers et les bouleaux abattus et écorcés dans la vallée de 
Matapédia. Balch et Prebble (1) eux-mémes avouent que I’insecte n’existe 
pas toujours chez les arbres dépérissant, principalement chez ceux dont le 
feuillage n’est affecté qu’au sommet. Aucun champignon, insecte ou virus 
ne peut du reste provoquer une maladie aussi soudainement généralisée dans 
une vaste région. 


Le bouleau a papier et le merisier sont deux essences qui croissent ordinaire- 
ment dans un sol assez humide en compagnie du sapin (Abies balsamea (L.) 
Mill.), de l’épinette (Picea rubra Link. et Picea glauca (Moench.) Voss.), 
de l’érable rouge (Acer rubrum L.). En perdant son abri naturel, par la sup- 
pression des résineux, le terrain se desséche et se réchauffe d’une maniére 
anormale et bient6t les bouleaux commencent a dépérir. 
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Les conditions déterminant ce trouble sont peut-étre le desséchement du sol, 
la chaleur excessive, ou un complexe de facteurs physiques défavorables. II 
est difficile d’établir avec assez de certitude le mécanisme des transformations 
du milieu qui entrainent une modification assez marquée de la physiologie 
d’un arbre. 

Dans les foréts vierges, il ne se produit pas de changement brusque de 
conditions, du moins par les mémes causes, et pourtant des effets identiques 
se sont manifestés en 1943 sur les bouleaux et les merisiers qu’elles renferment. 

Les conditions climatériques qui ont prévalu en 1942 et pendant l’hiver 
1943 dans une grande partie de la province de Québec et plus particuliérement 
dans la région qui nous intéresse, méritent une attention spéciale. Une 
sécheresse assez intense sévit a la fin de l’été et 4 l’automne, jusqu’aux gelées 
en novembre. Plusieurs personnes interrogées 4 ce sujet ont déclaré que l’eau 
a manqué a un degré alarmant a l’automne 1942: le niveau des lacs et des 
riviéres était trés bas, les ruisseaux étaient a sec, les bestiaux n’avaient pas 
d’eau potable, les puits étaient vides, le sol forestier était desséché et enfin 
les usines hydroélectriques ne pouvaient fournir l’énergie ordinaire a leur 
réseau. Ces conditions ont persisté jusqu’a l’hiver et la carence d’eau s’est 
fait sentir méme aprés les gelées. Cet état de chose, constaté dans la plus 
grande partie de la province de Québec, coincide parfaitement avec les données 
recueillies et compilées par le Bureau de Météorologie du Ministére des Terres 
et Foréts, comme on peut le constater dans le tableau suivant: 


TABLEAU II 


PRECIPITATION MENSUELLE EN POUCES 


Mai Juin Juillet Aofit | Septembre | Octobre | Novembre 


Lac Métis, comté de 
Matapédia, 1942 1.09 5.61 4.68 1.02 2.93 2.46 3.42 


Moyenne de 5 ans 


(1937-1941) 2.47 4.03 4.09 5.42 4.39 3.46 4.79 
Ste-Rose, Comté de 

Témiscouata, 1942} 1.80 5.43 2.02 0. 76, 3.05 1.65 2.04 
Moyenne de 5 ans 

(1937-1941) 255 3.82 4.21 4.87 3.54 


En plus de cette réduction assez prononcée de la précipitation, surtout a la 
fin de la saison, des conditions hivernales assez particuliéres ont fait suite a 
cette période: depuis les premiéres chutes de neige, jusqu’au printemps aucun 
dégel ne s’est produit et la neige a persisté en forét trés tard en mai et méme 
en juin. 

Des conditions aussi anormales, semblent bien suffisantes pour déterminer 
un désordre marqué des merisiers et des bouleaux méme dans les foréts non 
exploitées. Avant la chute des feuilles et méme aprés, mais 4 un degré 
moindre, l’évaporation assez intense de la cime n’a pas été compensée par 
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l’absorption de l’eau dans un sol desséché et il y a eu déséquilibre. Les diffi- 
cultés de l’absorption de l’eau dans un sol sec ou encore gelé au printemps, 
quand la cime est déja en activité, peut aussi produire les m¢mes troubles. 
Gibbs (10) a démontré que chez le bouleau 4 papier la teneur en eau est a 
son maximum au moment de 1’exfoliation et s’abaisse ensuite rapidement. II 
parait donc évident que les rameaux et peut-étre plus encore les racines ont 
été sérieusement affectés par cette carence d’eau a l’automne ou 4 la fin de 
l’hiver, mais on ne peut établir avec certitude si les rameaux sont morts 
plut6t que les radicelles et si le trouble s’est produit 4 l’automne plutét 
qu’au printemps. Tout concorde cependant pour indiquer que la sécheresse 
est en cause comme agent immédiat de cette maladie et qu’il ne s’agit pas 
d’une épidémie du perceur bronzé du bouleau, dans le cas des peuplements 
ouverts par l’exploitation, comme dans celui des foréts vierges de la région 
mentionnée. Que des insectes ou méme que des champignons, comme 
l’Armillaria mellea (Vahl.) Quél., prennent une allure épidémique aprés 
l’affaiblissement de ces arbres, ce n’est pas impossible. Carter (5) signale 
que des bouleaux en pépiniére et en plantation ont été attaqués par un parasite 
aprés avoir été fortement affaiblis par une sécheresse. Mais, pour le moment, 
ils ne sont pas responsables de ces méfaits 4 l’origine. Les arbres gravement 
affectés sont peut-étre voués 4 une mort plus ou moins prochaine, mais les 
sujets légérement atteints dans les peuplements denses ont de fortes chances 
de se remettre complétement aprés deux ou trois ans de conditions normales. 


D’autres essences, surtout parmi les résineux, ont aussi été affectées par les 
conditions climatériques de l’automne et de l’hiver de 1942-1943. Les cas 
les plus typiques sont ceux du cédre (Thuya occidentalis L.) et du sapin 
(Abies balsamea (L.) Mill.). Le professeur J. G. Coulson m’a signalé l’existence 
d’un grand nombre de sapins, dans plusieurs régions de la province de Québec 
dont le sommet rougit pendant |’été. L’examen de quelques échantillons 
provenant de Wakefield (comté de Gatineau) ne laisse pas de doute sur la 
nature de la maladie: la partie inférieure de ces arbres, protégée par la couche 
de neige, est verte et bien vivante, tandis que la partie supérieure est décolorée 
et morte. La neige ayant persisté trop longtemps, les vents desséchants et le 
soleil de la fin de l’hiver et du début du printemps ont déterminé une évapora- 
tion trop intense de la partie exposée, non compensée par |’eau du sol, soit 
parce que le sol était trop sec, soit parce que les vaisseaux du pied étaient 
encore gelés. 

A plusieurs endroits, surtout 4 Québec et 4 Trois-Riviéres, le cédre a montré 
les mémes symptémes résultant des mémes conditions. J’ai pu comparer 
au cours de |’été de 1943 l’état de deux cédres d’ornement plantés en méme 
temps, dont l’un est longtemps demeuré partiellement enfoui dans la neige, 
alors que l’autre a été dégagé assez t6t jusqu’au sol par la fonte rapide. Le 
feuillage du premier s’est desséché dans la partie supérieure tandis qu’il s’est 
conservé vert chez le dernier. 

Les conditions du milieu ambiant, surtout celles qui se rattachent a l’absence 
ou a la carence d’eau dans le sol, produisent bien d’autres effets plus ou moins 
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préjudiciables aux arbres et plus ou moins apparents. II est généralement 
difficile de définir avec exactitude la nature du mal et le mécanisme de I’affec- 
tion. Ainsi les pins, et plus particuliérement le pin blanc (Pinus Strobus L.), 
portent souvent des aiguilles en partie ou complétement jaunies avec parfois 
l’extrémité rougie ou morte. 


Faull (9), en Ontario, a attribué ce trouble a l’asséchement du sol, tandis 
que Giissow (12) l’impute a l’excés d’eau. Dans la plupart des cas que j’ai 
rencontré, la carence d’eau en certaines saisons séches, dans un sol sablonneux 
et pauvre, comme a Berthierville (comté de Berthier), 4 Rawdon (comté de 
Montcalm), 4 Ste-Angéle (comté de Nicolet), 4 Lachute (comté d’Argenteuil), 
a Sorel (comté de Richelieu), m’a paru étre a l’origine de cette brfilure. II est 
bien possible cependant que la surabondance d’eau produise des effets 4 peu 
prés semblables par l’asphyxie des racines. Les aiguilles de plus d’un an 
tombent plus t6t qu’a l’ordinaire, dans certains cas méme les aiguilles de l’année 
jaunissent et se détachent. Une période particuli¢érement séche peut aussi 
exercer une influence assez nuisible dans les peuplements de pins gris (Pinus 
Banksiana Lam.) croissant sur un sol sablonneux. 


La dessiccation du sol est aussi responsable du rougissement des rameaux 
du cédre surtout dans les haies ou chez les arbres d’ornement. L’existence 
de tels rameaux est aussi souvent rapportée. 


Excés d'eau 


Sauf la brfilure du pin blanc, attribuée par Giissow (12) a la trop grande 
abondance d’eau dans le sol, les exemples de maladies d’arbres dont la cause 
est nettement l’excés d’eau, ne se rencontrent guére que dans les cas d’inonda- 
tion prolongée. Le niveau des lacs et des riviéres, dans ce pays accidenté 
et forestier, est trés souvent relevé pour alimenter des centrales électriques 
ou pour la création de réservoirs immenses. Les arbres en bordure de ces 
cours d’eau sont en partie ou totalement noyés et ne tardent pas a mourir. 
Il suffit que l’eau couvre un peu le sol une grande partie de la saison d’été 
et méme que le sol demeure plus humide pour que les arbres dépérissent. 


Pauvreté du sol 


La croissance des arbres est considérablement modifiée par la carence du 
sol en certaines mati¢res minérales assimilables. Elle se manifeste aussi par 
des symptémes bien caractéristiques dont le plus fréquent est la chlorose. 


A la pépiniére forestiére de Berthier, j’ai observé, dés 1930, que les plants 
repiqués d’épinettes et de diverses espéces de pins, étaient pales et souffreteux, 
leurs aiguilles jaunes et souvent rougies 4l’extrémité. Aprés avoir observé cette 
maladie pendant plus d’un an, j’ai découvert que ces plants chlorotiques 
couvraient surtout une bande de dix 4 quinze pieds de largeur au centre de la 
pépiniére et offraient un contraste assez visible de couleur et de taille avec les 
jeunes arbres croissant au dela. Une enquéte m’a révélé que naguére un fossé 
profond existait la et qu’il avait été recouvert de terre quelques années aupa- 
ravant. Une forte proportion de sous-sol stérile ayant été transportée a la 
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surface, les jeunes arbres n’ont pas trouvé les substances assimilables en 
quantité suffisante. 

A la station forestiére expérimentale de Duchesnay (comté de Portneuf), il 
existe aussi, dans une petite pépiniére, des cas de chlorose trés caractéristiques. 
Dans un secteur, par exemple, on peut distinguer trés clairement des bandes 
de plants décolorés, correspondant a4 des parties un peu plus élevées. Le sol 
de cette pépiniére est trés sablonneux et trés pauvre et il devient blanc lorsque 
humus est délavé. La présence d’aiguilles presque complétement jaunes, 
indiquant le chloronémie plut6t que la chlorose, sur les pins de montagne 
(Pinus montana Mill.) surtout, souligne encore davantage cette déficience. 
A ce méme endroit, les mélézes d’Europe (Larix decidua Mill.) sont aussi en 
assez minable état dans certaines parties particuliérement pauvres. J’ai 
déja observé en 1934 la méme chose sur le meléze dans une pépiniére du canton 
Park (comté de Kamouraska). 

En pleine forét, les cas typiques de malnutrition sont plus difficiles 4 déceler. 
On remarque parfois des arbres, surtout des épinettes, dont les aiguilles 
jaunies indiquent la difficulté de l’absorption. Ces sujets croissent ordinaire- 
ment dans des endroits découverts par |’exploitation, ou l’incendie, et reposent 
sur un sol presque stérile et pierreux. 

La condition opposée, l’excés de nutrition est trés rare dans cette province. 
Je puis tout au plus mentionner la mauvaise apparence de certains arbres 
croissant 4 proximité des tas de fumier, des puisards et autres lieux du méme 
genre. 


Fumées nocives 


Il me reste enfin 4 faire mention de certaines observations sur les effets de 
plus en plus dommageables du développement industriel sur les arbres et sur 
la forét. 

Les usines de toutes sortes qui surgissent de partout, le développement des 
agglomérations urbaines, l’ouverture de grandes voies 4 la circulation intense 
et l’exploitation de nombreuses mines sont autant de formes de |’intervention 
humaine pouvant modifier les conditions du milieu au point de nuire et méme 
d’étre fatales aux arbres. Mais c’est surtout par la production de gaz délétéres 
que le progrés industriel peut le plus affecter les végétaux et leur causer de 
véritables maladies. 

On observe fréquemment que les arbres croissent de plus en plus difficile- 
ment dans les villes, particuli¢érement aux endroits ot le traffic est intense. 
Les émanations gazeuses des cheminées de maison ou d’usine, les fuites inévi- 
tables des gazométres et des conduites de gaz et peut-étre aussi des véhicules a 
essence sont en grande partie responsables de cet état de chose. Les coniféres 
sont ordinairement les plus sensibles aux fumées nocives et l’on constate leur 
disparition graduelle le long des rues les plus fréquentées. I! m’est arrivé 
aussi d’observer les arbres feuillus, comme l|’érable 4 sucre, dont les feuilles 
montraient les symptémes caractéristiques de l’intoxication: la décoloration 
du limbe entre les nervures principales. J’ai remarqué 4 Montréal, il y a 
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quelques années, un jeune érable de moins de 16 pieds de hauteur, placé a 
un point d’arrét d’un autobus, qui était exposé plusieurs fois par jour aux 
gaz rejetés en abondance par les moteurs Diesel au moment du départ. L’état 
d'un chéne rouge, situé prés d’un garage 4 St-Eustache (comté des Deux- 
Montagnes), dont les feuilles rougissent, sauf 4 proximité des grosses nervures, 
peut ¢tre aussi attribué au gaz des moteurs (Fig. 13). 

De tels exemples peuvent se rencontrer un peu partout, mais ils demeurent 
isolés et sans gravité. Ce sont surtout, les gaz des usines métallurgiques ou 
autres qui sont les plus dangereux pour la végétation, tant par leur toxicité 
que par le volume et la constance de leur production. Bien que des exemples 
de dommages considérables ne soient pas trés nombreux chez nous, il en existe 
toutefois quelque-uns. 

A Beauharnois (comté de Beauharnois), une pulperie a commencé récem- 
ment la fabrication de certains papiers fins avec des déchets de lin. Depuis 
lors, on se plaint que diverses plantes, dont certains arbres, comme des pins, 
des épinettes et des sapins, sont trés affectés. Les échantillons que j’ai 
examinés comportent bien les symptémes de I’intoxication. II est bien 
possible que le chlore utilisé pour décolorer la fibre du lin soit alors en cause. 

Un érable,.placé entre deux maisons 4 proximité d’une petite fonderie a 
l’Assomption, est trés affecté chaque année. L’examen plusieurs fois répété 
des feuilles provenant de cet arbre et une visite a l’endroit méme ne laisse pas 
de doute sur la cause de cette flétrissure: les gaz sulfureux provenant de la 
fonderie. 

A Shawinigan, il existe plusieurs usines dont quelques-unes produisent des 
émanations gazeuses. Je ne suis pas trés renseigné sur les méfaits de ces gaz 
mais on m’a signalé des dommages assez étendus sur les arbres de certaines 
plantations. 

Par l’importance de la production gazeuse, les usines de grillage des minerais 
ont toujours été classées dans le monde comme les plus dangereuses pour les 
végétaux. Les exemples de Sudbury (Ontario), et de Trail (Colombie- 
Britannique), sont trés connus. Dans le Nord de Québec, il existe deux 
grandes usines de grillage, celles de Noranda (comté de Témiscamingue) 
(Fig. 19) et de Duparquet (comté de |’Abitibi) et quelques autres de moindre 
importance dans cette région miniére. 

Des études trés poussées, qui ont été faites en Europe et en Amérique et plus 
particuliérement a Trail, C.-B., il ressort que le gaz sulfureux (SO2) est 4 peu 
prés le seul agent nocif aux plantes qui provienne de ces fumées. Des parti- 
cules solides peuvent aussi nuire aux végétaux, mais il semble bien que ce soit 
assez secondaire prés de ces usines, surtout depuis que le procédé Cottrell a 
été installé dans les cheminées. Les particules fines d’arsenic provenant de 
l’usine de Duparquet, ont fait l’objet d’enquétes a cause de la mort de certains 
animaux domestiques attribuée 4 ce poison. L’arsenic, étant un produit 
insoluble dans I’eau, il ne peut exercer d’influence néfaste aux plantes. 

Au cours d’une visite dans le Nord-Ouest de la province de Québec en 1941, 
j'ai parcouru les foréts dans un rayon de douze a quinze milles autour de 
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Duparquet et de vingt-cing 4 trente milles aux environs de Noranda dans 
le but de déterminer |’étendue et |’intensité des dommages dus aux fumées 
nocives. 

Chez les coniféres, les symptémes de |’intoxication par le gaz sulfureux ne 
sont visibles que sur le sapin (Abies balsamea (L.) Mill.) dans cette région. 
Ayant visité ces foréts au début de juin, il était trop t6t dans la saison pour 
noter les signes nécrotiques propres 4 cette maladie chez les feuillus. Dans 
un rayon de moins de deux milles de |’usine de la mine Beattie 4 Duparquet, 
les sapins sont fortement défoliés et les aiguilles qui restent encore sont en 
grande partie décolorées (Fig. 20). Mais l’épinette (Picea mariana (Mill.) 
B.S.P.) et le pin gris (Pinus Banksiana Lamb.) ne semblent pas souffrir d’in- 
toxication et paraissent se développer normalement méme en mélange avec 
les sapins affectés. 

Aux environs immédiats de l’usine de la mine Noranda, il est difficile de 
déceler des dommages typiques causés par l’anhydride sulfureux. II faut 
dire cependant que dans un rayon de cing 4a six milles de l’usine, il ne reste 
guére d’arbres, car toute la forét a été exploitée dans ce secteur au temps ot 
l’usine a été édifiée, vers 1927. Quelques cas de défoliation ont bien été 
remarqués a une distance de sept milles mais je ne puis affirmer qu’il s’agit 
la d’intoxication. Je signalerai cependant que la végétation est parfois forte- 
ment affectée par le gaz 4 proximité de l’usine, surtout lorsque les fumées 
sont rabattues sur le sol par un-temps humide. 


Si les plantes en général ne semblent pas beaucoup souffrir de ces émanations 
gazeuses, sauf au voisinage immédiat de l’usine, il peut exister 4 une assez 
grande distance des effets invisibles soit par intoxication du feuillage soit 
par le changement de la composition chimique du sol. Par l’analyse de la 
croissance des arbres, j’ai essayé de retracer une diminution du diamétre des 
couches annuelles de bois chez le sapin, l’épinette, le bouleau (Betula papyrifera 
Marsh.), le cédre (Thuya occidentalis L.), 4 quatre et a six milles de l’usine de 
Duparquet. Cette étude, bien qu’insuffisante, ne permet pas de conclure 
que les arbres situés 4 plus de deux milles de Duparquet aient subi une 
diminution appréciable de développement. Les variations de croissance ont 
été mesurées avec soin et ne coincident pas avec les périodes de production 
de fumées nocives. 

La quantité des gaz sulfureux émise par ces usines est pourtant plus que 
suffisante pour causer de graves préjudices aux arbres dans un assez grand 
rayon. L’usine de Noranda dégage dans I’air prés de 30,000 tonnes de soufre 
par mois. Cette production gazeuse, comparée a celle de Trail (20), C.-B., 
dont le maximum n’a jamais dépassé 10,000 tonnes par mois dans la période 
la plus active de l’année et avant que l’on ait commencé a récupérer ce gaz, 
devrait 4 priori étre désastreuse pour la forét avoisinante. La colonne de 
fumée s’abattant sur cette région obscurcit parfois le ciel, comme pendant un 
feu de forét, jusqu’a une distance considérable du point d’émission; et cette 
nappe de fumée, d’une largeur de plusieurs milles, peut étre suivie en avion 
plus de cinquante milles, comme on me I’a rapporté. 
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Alors qu’a Trail, C.-B., les effets du gaz sulfureux peuvent étre retracés au 
dela de quarante milles de l’usine, ils ne sont guére visibles dans le Nord 
québécois que dans un rayon ne dépassant pas sept milles 4 Noranda et deux 
milles 4 Duparquet. II n’est pas possible d’expliquer cette différence autre- 
ment que par les conditions atmosphériques. La saison de végétation est 
beaucoup plus courte et partant la période d’absorption de gaz plus restreinte 
dans le Québec qu’en Colombie. De plus, le degré d’humidité de |’air me 
parait se maintenir plus élevé dans les Rocheuses que dans notre région 
miniére. La configuration du terrain semble cependant fournir une meilleure 
explication: A Trail, les fumées sont enfermées entre deux rangées de mon- 
tagnes et la saturation de l’air en SOs devient assez grande dans ce couloir, 
surtout lorsque l|’humidité entraine le gaz vers le sol. En Abitibi, par contre, 
les reliefs sont trés peu accusés et le vent, soufflant dans toutes les directions, 
ne permet pas au gaz de s’accumuler a un degré nocif 4 un endroit donné, sauf 
évidemment tout prés des usines. 


Les effets des fumées des usines de grillage dans les régions étudiées, ne 
doivent cependant pas étre considérés comme insignifiants pour les arbres 
en tous lieux et en toutes circonstances. II convient donc, je crois, d’étre 
prudent sur le choix du site pour de telles usines, surtout 1a ot la forét est acces- 
sible et de bonne valeur. 


Poussiéres 


Il reste encore a considérer ici un autre aspect du développement industriel 
et du transport quant a son influence sur la santé des arbres. Tout ce qui 
peut produire ou soulever des poussiéres fines peut causer 4 un degré plus ou 
moins fort un préjudice aux arbres. Les poussiéres des routes sont, dans une 
certaine mesure, la cause du dépérissement ou tout au moins du retard de 
croissance des arbres. Les cas les plus typiques se trouvent cependant a 
Thetford-Mines et a d’autres parties miniéres de cette région. Les fines 
poussi¢res, provenant de la gangue de l’amiante, se répandent dans I’air, 
se déposent ensuite en peu partout aux environs des mines et forment parfois 
une couche assez épaisse et persistante sur les feuilles. Les arbres, parti- 
culiérement les sapins, l’épinette et les pins blancs, semblent assez affectés 
au point de mourir parfois de la présence de ces dépdts qui obstruent les 
stomates et qui empéchent le procédé de la photosynthése de s’effectuer 
normalement. 
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NOTES ON SEED-BORNE FUNGI 
I. STEMPHYLIUM' 


By J. W. Groves? AnD A. J. SKOLKO? 


Abstract 


Three species of Stemphylium, which have been isolated from agricultural 
seeds, are described and illustrated: S. botryosum Wallr., S. sarcinaeforme (Cav.) 
Wilts., and S. consortiale (Thiim.) n.comb. S. sarcinaeforme has been found only 
on seeds of red clover; the other two species occur on a wide variety of seeds. 
The perfect stage of S. botryosum is Pleospora herbarum (Pers.) Rabenh. but the 
perfect stages of the other two species are unknown. 


Introduction 


It has long been known that fungi are disseminated with seeds of higher 
plants, either as spores or resting structures attached to the outside of the 
seed or as mycelium within the seed itself. Among agricultural crops, certain 
of these fungi cause destructive diseases that are responsible for serious 
economic losses. Such diseases are often spoken of loosely as ‘‘seed-borne 
diseases”, but it should be emphasized that it is not the disease that is seed- 
borne, but the fungus that causes the disease. 

The cessation of trade with many European countries has made Canadian 
agriculture dependent to a much greater extent than formerly on domestic 
seed. This has led to a great expansion in seed production and with it the 
desirability of the production of seed free from pathogenic fungi. In 1939, at 
the outbreak of the war, the Division of Botany and Plant Pathology greatly 
expanded its program of investigation of seed-borne pathogens, and as part 
of this program an intensive study has been made of the fungus flora of 
agricultural seeds. At Ottawa special attention has been paid to seeds of 
peas, flax, corn, and vegetables. From 1200 to 1300 samples have been exam- 
ined each year. Most of the samples to be tested were received from the 
Plant Products Division and the Canadian Seed Growers’ Association. 


It was realized at the outset that a singular opportunity was presented to 
add to our knowledge of the fungus flora of seeds, and it was, therefore, 
decided to attempt, as far as possible, to identify critically all the fungi found, 
regardless of whether they were known to be pathogenic or not. Many of 
the fungi that were isolated were well known, especially those causing destruc- 
tive diseases, but many were isolated that have proved difficult to identify 
and whose pathological significance is still obscure. Certain of these fungi 
have not previously been reported as seed-borne, and an attempt will be 
made in this and subsequent papers to describe and illustrate the fungi 
isolated by means of the technique described below. 


1 Manuscript received December 23, 1943. 
Contribution No. 761 from the Division of Botany and Plant Pathology, Science Service, 
Department of Agriculture, Ottawa, Canada. 
2 Junior Plant Pathologist, Central Laboratory, Ottawa. 
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Samples of 100 seeds were tied in cheesecloth bags and surface sterilized 
by immersing them in a solution made from commercial chloride of lime, 
standardized to 2% available chlorine. The time of immersion varied from 
2 to 20 min. according to the kind of seed. Immersion for these periods did 
not seem to exert any injurious influence on the seeds. The seeds were then 
placed by means of flamed forceps directly on 2% malt extract agar in Petri 
dishes, which were stored at room temperature. Readings were taken after 
10 days. Some slight modifications were made for certain crops, for example, 
peas were plated on pea decoction agar and readings on corn were taken at 
seven days. 

It is realized that the fungus flora found associated with seeds would be 
expected to show some differences according to the method of isolation used. 
It is not, therefore, claimed ghat the fungi found in this study represent the 
complete fungus flora of seeds, but only the fungi that have been isolated by 
the method described above. 

Stock cultures of the fungi isolated were grown on malt extract agar and 
stored at room temperature, and permanent herbarium specimens were 
prepared in the following manner. Moist filter paper was placed in Petri 
dishes and sterilized in the autoclave. The dishes were then flooded with a 
slight excess of sterilized 2% malt solution, inoculated with the desired 
fungus and incubated at room temperature. When good growth and sporula- 
tion had been obtained, the filter paper was dried and mounted in the herb- 
arium in the usual manner. This method was not suitable for all the fungi 
isolated, but for many of them quite satisfactory specimens were obtained 
and these have been placed in the Mycological Herbarium of the Division 
of Botany and Plant Pathology, Department of Agriculture, Ottawa. 

It is considered that accurate identification of the fungi isolated is a matter 
of fundamental importance, but this is an ideal that is difficult to achieve 
at the present time. Most of the fungi isolated must be placed in the Fungi 
Imperfecti of which the classification is artificial and unstable and the species 
are not well known. The literature is scattered and many of the published 
descriptions are inadequate or they are based, for the most part, on the fungi 
as they have been collected in nature. - Under cultural conditions variations 
may appear that make it very difficult to decide whether the published 
descriptions are applicable, and the types on which the identifications must 
eventually rest are not readily available for study. Misdeterminations that 
have crept into the literature from time to time have added to the confusion. 

These difficulties have been reflected in the fact that, for the most part, in 
the literature on seed-borne fungi, little attempt has been made to identify 
the species of fungi found, with the exception of those that are clearly patho- 
genic. In this study an attempt has been made to identify, as accurately as 
possible, the species of all fungi found. The assistance of specialists in various 
groups has been freely sought and invariably generous co-operation has been 
forthcoming. The nomenclature used will follow the International Rules as 
closely as possible, but owing to the impossibility of determining the identity 
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of so many species from their published descriptions and our consequent 
lack of knowledge of synonymy, it is improbable that stability in nomen- 
clature can be attained at the present time. The basis of the identifications 
will be clearly indicated and it is hoped that, although changes in nomen- 
clature may become necessary, the identity of the fungi concerned will remain 


clear. 
The Genus Stemphylium 


This genus was established by Wallroth in 1833 based on the single species, 
Stemphylium botryosum, collected on asparagus stems. Wiltshire (20) quoted 
Wallroth’s original description and from a study of the type and comparison 
with living material placed the genus on a sound taxonomic basis. He 
pointed out the following diagnostic characters: 


1. The conidiophores are swollen at the apex, @vhich bears a single terminal 
spore. 
2. The growth of the conidiophore is continued through the terminal scar. 


3. The spore shape is oval or subangular, frequently constricted at the 

major median transverse wall, and never beaked. 

The genus is closely allied to Alternaria, but in Alternaria the spores are 
borne in chains and in Stemphylium they are borne singly. This is correlated 
with a difference in spore shape. Stemphylium spores are more oblong, con- 
stricted at the middle, and more or less packet-shaped or sarcinaeform, whereas 
Alternaria spores are obclavate, tapering toward the upper end and forming 
a more or less elongated beak.. Some species form chains only occasionally 
but it now seems generally agreed that all forms with ene, tapering 
spores will form chains under favourable conditions. 


This concept of Stemphylium is synonymous with the rather generally 
accepted idea of Macrosporium. This genus was founded by Fries in 1832 
and included four species; M. Convallariae, M. Cheiranthi, M. tenuissimum, 
and M. caricinum. Wiltshire (19) made a careful study of these four founda- 
tion species, He was unable to obtain good authentic material of M. Conval- 
lariae, but all the evidence that he accumulated tended to show that it was an 
Alternaria. He was able to establish that M. Cheiranthi and M. tenuissimum 
were both Alternaria species and that M. caricinum belonged to Clastero- 
sporium. 

It is evident, therefore, that Macrosporium is untenable in the traditional 
sense of having the spores borne singly. Since Alternaria was erected by 
Nees in 1817 and was not recognized by Fries in the Systema Mycologicum, 
a strict interpretation of the Rules would require that Macrosporium become 
the valid genus for all the species now referred to Alternaria and Alternaria 
would have to disappear. Wiltshire pointed out, however, that the whole 
tradition of systematic mycology has been to regard Alternaria as having the 
spores borne in chains and Macrosporium as having them borne singly, 
and to make a wholesale transfer of Aliernaria species to Macrosporium would 
violate the traditional concept of the genus and lead to great confusion. 
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Furthermore, since Macrosporium has been used not only for Alternaria 
species, but also for Stemphylium species, there are good grounds for regarding 
it as a nomen ambiguum. He presented a convincing argument for the con- 
servation of the genus Aliernaria against Macrosporium, for those species 
having obclavate spores borne in chains, and, since the species with spores 
borne singly must, of necessity, be placed in Stemphylium, the genus Macro- 
sporium would disappear. 


Pleospora herbarum (Pers.) Rabenh. Herb. Mycol. ed. 2, No. 547. 1857. 
Stemphylium botryosum Wallr. Flor. Crypt. Germ. 2:300. 1833. 

This species (Pl. I, Fig. 5; Pl. II; Pl. III) was isolated frequently from a 
wide variety of seeds. One of our isolates from peas was sent to Mr. E. W. 
Mason of the Imperial Mycological Institute, who reported that Dr. S. P. 
Wiltshire had identified it as S. botryosum. It is often difficult to recognize 
on the plates since conidia are infrequently produced and the colonies may be 
easily confused with those of Alternaria tenuis auct. (sensu Wiltshire). On 
malt extract agar (Pl. I, Fig. 2) the colonies are greenish with a colourless 
margin, more or less appressed, with a rather sparse aerial mycelium that is 
whitish at first, then greenish and more or less velvety, finally brownish. 
Cultures of Alternaria tenuis usually have a more fluffy aerial mycelium, 
become darker in colour, and sporulate more freely. In Stemphylium cultures, 
hard, black, rounded to irregular, sclerotium-like bodies are produced, and 
when present serve as a good diagnostic character. These bodies are peri- 
thecial primordia and they eventually produce asci and spores of the perfect 
stage but they do not mature in the 10-day period before readings are made. 


On pea agar (Pl. I, Fig. 1) Stemphylium cultures exhibit considerable 
variation. In the most easily recognized type of culture, the colony is 
pinkish with somewhat velvety aerial mycelium. Sometimes the whole 
colony and the pea seed itself are both pink, but the colour varies considerably 
in intensity and is frequently absent. Colonies lacking in pink colour are 
often superficially similar to Alternaria tenuis, however Alternaria colonies 
are usually darker gray, have more abundant, fluffy mycelium, and sporulate 
more readily. Finally the frequent presence of perithecial primordia also 
helps to distinguish Stemphylium. 


When conidia are present they are, of course, diagnostic. They are oblong- 


- ovoid to subangular, olive-brown, slightly rough-walled, somewhat constricted 


at the median septum and more or less packet-shaped or sarcinaeform, ends 
obtuse, with transverse, longitudinal, and oblique septa, (14)—18-35-(50) xX 
(12)—15—22-(27) uw, borne singly at the ends of the conidiophores, which are 
olive-brown, variable in length, about 3—6 win diameter, swollen at the apex 
just below the attachment of the spore. When the spore becomes detached 
the penultimate cell continues growth through the old scar and produces a 
new spore, or sometimes the terminal spore becomes pushed to one side by 
the continued growth of the conidiophore and appears to be lateral. While 
each conidiophore typically bears a single spore at the tip (Pl. I, Fig. 5) some 
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are observed in which basipetal fragmentation occurs to a greater or less 
extent (Pl. II, A). Sometimes the sections are elongated, but frequently 
they are rounded, with transverse, longitudinal, and oblique septa and the 
structure has every appearance of a short chain of conidia. However, in 
contrast to the Alternaria chain where the distal spore is the youngest, in the 
Stemphylium chain the distal spore is the oldest. It is well known that some 
Alternaria species form chains only rarely, and it is evident from the work 
of Wiltshire (17, 18) that the two genera are closely related. However, 
since it is possible to recognize species of Alternaria and Stemphylium by the 
spore shape as well as by the chain formation, it would seem advisable to 
keep them separate for the present. 

In older cultures the perithecia may mature and alata asci and spores 
of the Pleospora stage (Pl. III). The perithecia are very irregular in shape, 
black, hard and leathery in consistency. The asci are cylindric to cylindric- 
clavate, short-stalked, thick-walled, eight-spored, 140-240 X 27-38 uw. The 
ascospores are light brown, oblong-ellipsoid to oblong-ovoid, mostly straight, 
with seven cross septa and numerous longitudinal septa, sometimes more or 
less constricted at the septa, uniseriate to slightly overlapping, 30-50 x 
15-20 yw, enclosed within the ascus in an inner membrane, which emerges 
when the tip of the ascus breaks open. 

This species has been isolated from seeds of the following plants; Allium 
cepa L. (onion), A. porrum L. (leek), Apium graveolens L. var. dulce DC. 
(celery), Asparagus officinalis L. var. altilis L. (asparagus), Beta vulgaris L. 
(beet, mangel), B. vulgaris var. cicla L. (Swiss chard), Brassica oleracea L. 
var. capitata L. (cabbage), B. rapa L. (turnip), Cucurbita Pepo L. (pumpkin), 
Daucus carota L. var. sativa DC. (carrot), Festuca rubra L. (red fescue), 
Lactuca sativa L. (lettuce), Linum usitatissimum L. (flax), Medicago sativa L. 
(alfalfa), Pastinaca sativa L. (parsnip), Petroselinum hortense Hoffm. (parsley), 
Phaseolus coccineus L. (scarlet runner bean), Phleum pratense L. (timothy), 
Pisum sativum L. (pea), Raphanus sativus L. (radish), Secale cereale L. (rye), 
Setaria italica (L.) Beauv. (millet), Spinacia oleracea L. (spinach), Trifolium 
pratense L. (red clover), Triticum aestivum L. (wheat), Vicia faba L. (broad 
bean). 

This fungus was described and illustrated under the name of Macrosporium 
commune Rabenh. by Doyer (4). She found it on pea seed and stated that 
ultimately it caused the death of many of the seedlings that it affected. 
Fragoso (5) described M. commune f. Pisi, which he found as a secondary 


EXPLANATION OF PLATE I 


1. Stemphylium botryosum on pea seeds plated on pea agar after 10 days. Note perithecial 
primordia on centre seed. 2. S. botryosum on onion seeds plated on malt agar after 11 days. 

3. S. sarcinaeforme from red clover seed. Culture on malt agar after 10 days. 4. S. consortiale 
on carrot seeds plated on malt agar after 10 days. 5. S. botryosum. Photomicrograph of 
conidia and conidiophores from culture on pea agar. 6.S.sarcinaeforme. Photomicrograph 
of conidia and conidiophores from culture on malt agar. 7. S.consortiale. Photomicrograph 
of conidia and conidiophores from culture on malt agar. Figs. 5, 6, 7, magnification 
approximately 300 X. 
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STEMPHYLIUM SARCINAE 
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parasite on: peas, following Ascochyta Pisi. From the descriptions it would 
appear that both of these would fall within the concept of Stemphylium 
botryosum Wallr., which is the oldest name. 

According to Mason (10), Macrosporium commune Rabenh. was based on a 
collection that consisted principally of an Alternaria of the tenuis type, 
which was the fungus intended to be designated; however, the collection also 
contained a few sarcinaeform spores that Wiltshire (20) later identified as 
Stemphylium botryosum. The rather common conception in the literature of 
M. commune as a Stemphylium rather than an Alternaria, is probably traceable 
to the error of Penzig, who, in publishing an illustration of this fungus, drew 
the Stemphylium rather than the Alternaria. This is an excellent example 
of a nomen ambiguum where the type specimen contained two different fungi 
and both conceptions have appeared in the literature. The name should be 
dropped. 

The genetic connection between Stemphylium botryosum and Pleospora 
herbarum has been well established by previous cultural studies and the 
literature has been reviewed by Wiltshire (20). This connection is further 
confirmed by the present investigations. 


Stemphylium sarcinaeforme (Cav.) Wilts. Trans. Brit. Myc. Soc. 21: 
228. 1938. 
Macrosporium sarcinaeforme Cavara. Dif. dei Parass. No. 4. 1890. 
Thyrospora sarcinaeforme Tehon & Daniels. Phytopath. 15 :718. 1925. 

This species (Pl. I, Fig. 6; Pl. IV) has been isolated only from seeds of 
Trifolium pratense L. It has appeared very rarely, but since we have exam- 
ined a relatively small number of samples of red clover seed, possibly a more 
intensive study would reveal it as occurring more commonly in seed than our 
records would indicate. Milburn and Bessey (12) and Chilton (2) have 
reported it as being seed-borne. 

The cultures (Pl. I, Fig. 3) are readily distinguished from those of S. botryo- 
sum by their darker colour and abundant spore production. The colonies are 
black, sometimes with a greenish tinge, especially when young. Aerial 
mycelium is dark gray to black, rather sparse, and usually exceeding and 
concealing the conidiophores. The conidia are oblong-ovoid to subglobose, 
muriform, constricted at the median septum and more or less packet-shaped 
or sarcinaeform, dark olive-brown, and smooth-walled, 25-35 xX 20-28 yw, 
borne on the tips of conidiophores similar to those of S. botryosum but about 
7-8 w in diameter. The development of the conidium in culture has been 
described in detail by Wiltshire (20). ’ 

There has been some confusion in the literature with regard to the identi- 
fication of this species. Wiltshire (20), after examination of a specimen 
from Cavara and a study of the species in culture from fresh material, placed 
it in Stemphylium and distinguished it from S. botryosum by the larger, 
darker, and smooth-walled spores. His spore measurements agree well with 
ours, and although there is a discrepancy in size from that given in Cavara’s 
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original description, Wiltshire concluded from an examination of Cavara’s 
material that he must have measured immature spores since the spores on 
the specimen were larger than those described and their dimensions agreed 
well with his own measurements. It is evident that Horsfall (7) and Krakover 
(8) had the true S. sarcinaeforme but that Gentner (6), Bolle (1), and Tehon 
and Daniels (16) did not have this species but probably strains of S. botryosum. 
Smith (15) has shown that at least certain strains of S. botryosum are patho- 
genic to red clover and alfalfa. 

The paper by Tehon and Daniels illustrates a point of nomenclature that 
is, perhaps, worth emphasizing since it has led to confusion in the past. They 
found a fungus on alfalfa that they identified as Macrosporium sarcinaeforme 
Cav. and they created the new genus Thyrospora with this fungus as the type 
species. However the true M. sarcinaeforme has smooth spores and their 
fungus had rough spores and seems to fall well within the concept of S. botry- 
osum. Chilton, Henson, and Johnson (3) recognized S. botryosum and 
S. sarcinaeforme as distinct species but listed Thyrospora sarcinaeforme Tehon 
& Daniels as a synonym of both, which is obviously impossible. It is clear 
from Article 54 of the International Rules of Botanical Nomenclature that 
the combination 7. sarcinaeforme must be regarded as having been based on 
Cavara’s type and is, therefore, a synonym of Stemphylium sarcinaeforme. 
The fact that Tehon & Daniels applied it erroneously to a strain of S. botryosum 
is merely the result of a misidentification, and misidentifications are not 
considered to be synonyms. 

Marchal and Marchal (9) reported that S. sarcinaeforme is the conidial stage 
of a Pleospora that they described as P. Lycopersici n. sp. It would seem, 
however, that this connection is based on a misidentification. The fungus 
that they called Macrosporium sarcinaeforme was found on tomato fruits but 
the weight of evidence so far indicates strongly that the true Stemphylium 
sarcinaeforme is restricted to clover in its host range. They described the 
conidia as 28.5-36 X 14-21 uw which would indicate that they are narrower 
in proportion to their length than conidia of S. sarcinaeforme and this is borne 
out by the drawing. Ramsey (14) reported that the conidia of Pleospora 
Lycopersici were rough-walled, arid Middleton (11) obtained negative results 
with cross-inoculations of P. Lycopersici and S$. sarcinaeforme on clover and 
tomato. It seems probable that P. Lycopersici will become a synonym of 
P. herbarum. \Krakover (8) in his careful study of S. sarcinaeforme found no 
evidence of the production of a perfect stage and we must conclude that this 
is still unknown. 

Stemphylium consortiale (Thiim.) n. comb. 

Macrosporium consortiale Thiim. Herb. myc. oecon. No. 450. 1876. 

Macrosporium Zimmermannii Roum. Fung. Sel. Gall. Exs. No. 396. 1879. 

? Macrosporium verruculosum Zimmerm. Ber. Naturwiss. Ges. Chemnitz, 

6: 46. 1878. 


? Stemphylium verruculosum Sacc. Syll. Fung. 4 :522. 1886. 
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? Stemphylium asperulum Sacc. Mich. 1 : 376. 1881. 

? Stemphylium congestum Newton. Phytopath. 18 :576. 1928. 

This species (Pl. I, Fig. 7; Pl. V) occurs quite commonly on seeds of a wide 
variety of plants. In peas it appears more frequently on seeds from Alberta 
and British Columbia, but it is not confined to western seeds. It appeared 
on seeds of Taraxacum kok-saghyz imported from the U.S.S.R. The cultures 
are black with a narrow white margin and usually with a characteristic metallic 
sheen (Pl. I, Fig. 4). Aerial mycelium is sparse but there is copious conidial 
production. The conidia are variable in shape, subglobose, quadrilateral, to 
oblong-ovoid, at first nearly smooth, becoming coarsely verrucose, muriform, 
more or less constricted at the septa, very dark brown to black, (13)—18-25—(28) 
X (12)-14-17-(23) uw. The conidiophores are brown, simple or sometimes 
branched, variable in length, about 3-5 yu in diameter, not swollen below the 
attachment of the spore as in S. botryosum. The spores are produced acro- 
genously but become pushed to one side by the continued growth of the 
conidiophore so that they occur in botryose clusters and the conidiophore 
becomes geniculate (Pl. I, Fig. 7; Pl. V). 

S. consortiale has been isolated from the following hosts; Allium cepa L. 
(onion), Apium graveolens L. var. dulce DC. (celery). Beta vulgaris L. (beet, 
mangel), B. vulgaris L. var. cicla L. (Swiss chard), Brassica oleracea L. var. 
botrytis L. (broccoli, cauliflower), B. oleracea L. var. capitata L. (cabbage), 
Cucurbita maxima Duchesne (squash), C. Pepo L. (pumpkin), Daucus carota L. 
var. sativa DC. (carrot), Lactuca sativa L. (lettuce), Lycopersicon esculentum 
Mill. (tomato), Medicago sativa L. (alfalfa), Pastinaca sativa L. (parsnip), 
Petroselinum hortense Hoffm. (parsley), Phaseolus coccineus L. (scarlet runner 
bean), P. vulgaris L. (bean), Pisum sativum L. (pea), Raphanus sativus L. 
(radish), Spinacia oleracea L. (spinach), Taraxacum kok-saghyz Rod. (Russian 
dandelion), Vicia faba L. (broad bean). 

As the conidiophores of S. consortiale are not typical of the section Eustem- 
phylium as defined by Wiltshire (20), to which both S. botryosum and S. sarci- 
naeforme belong, it would seem better to place this species in the- section 
Pseudostemphylium. This seems to be the best disposition of this fungus for 
the present, but the various species of this section may eventually have to be 
transferred to another genus. 

Considerable difficulty was experienced in attempting to find a name for 
this fungus. Eventually a specimen in Roumeguere Fung. Sel. Gall. Exs. 


No. 396, labelled Macrosporium Zimmermannii n. sp. and growing on old. 


paper was examined and proved to be identical with our fungus. From the 
notes on the label it seemed that this specimen had been submitted by Roume- 
guere to Zimmermann for identification, and the latter had identified it as 
Macrosporium consortiale Thiim. pro parte. Roumeguere had, therefore, issued 
the specimen as M. Zimmermannii n. sp., but as far as could be ascertained 
no description was ever published. 

M, consortiale Thiim. was based on a specimen collected on old paper and 
issued in Thiim, Herb. myc, oecon. No. 450. It was associated with a species 
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of Torula, which Thiimen noted, but there is no doubt as to which of the fungi 
was intended as the Macrosporium. Hence there is no reason for regarding 
M. consortiale as a nomen ambiguum. A specimen in Roumeguere Fung. 
Sel. Gall. Exs. 4992, labelled M. consortiale Thiim., growing on old paper and 
collected by Thiimen at Bayreuth, was examined and proved to be the same 
fungus. Since Thiimen’s exsiccati was not available here, material was sent 
to Dr. D. H. Linder, Farlow Herbarium, Harvard University, and after 
comparing it with Thiimen’s specimen, he reported that he believed them to 
be identical. 

Descriptions of Stemphylium verruculosum (Zimmerm.) Sacc., occurring on 
rotten eggs, agree very closely also with S. consortiale, but it has not been 
possible to examine any material of this species. Dr. Linder had no speci- 
mens available but stated that the fungus had been illustrated by Saccardo 
in Fung. Ital. Del. Pl. 932 under the name of S. asperulum, and that the 
illustration agreed well with Thiimen’s exsiccati. On this basis, therefore, 
these names have been suggested as probable synonyms. 


Newton (13) described and illustrated a fungus that he isolated from apples 
and named Stemphylium congestum n. sp. The description and figures agree 
very closely with S. consortiale and there would seem to be little doubt that 
he had that fungus. 

None of the cultures from seeds has produced a perfect stage, or any struc- 
tures that might be interpreted as the beginnings of a perfect stage. 


Conclusion 


Each of the three species described above exhibits certain characters that 
enable it to be easily recognized. The most important of these are the size 
and surface markings of the spores. The spore width is a more valuable 
diagnostic character than the length as it is more constant and the range 
overlaps less in the three species. 


S. sarcinaeforme is distinct by reason of the smooth-walled spores, which 
are mostly 20-28 uw in width. The cultures are nearly black, and the species 
has been isolated only from red clover. 


S. consortiale differs from the other two species in the nature of the conidio- 
phore and the copious production of conidia in characteristic botryose clusters. 
The spores are more variable in shape than those of the other two species, 
mostly 14-17 w in width, and the walls become coarsely verrucose. The 
cultures are black but are distinct from those of S. sarcinaeforme by reason of 
the characteristic lustre, which appears to be due to the light reflected by 
the roughness of the walls. 


The conidia of S. botryosum are intermediate in size between those of the 
other two species; they are mostly 15-22 yw in width, usually longer in pro- 
portion to their width and more conspicuously packet-shaped than those of 
the other species. The wall is finely verrucose, sometimes appearing nearly 
smooth. The cultures are more variable in appearance than those of the 
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other two species, but are never black at the end of 10 days. This is the only 
species in which the perfect stage is known. 
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